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SoMK Opinions op the Press — continued, 

equipped for his task. He has produced, as was to be exnecl^ 
well-planned, well-illustrated, and trustworthy manual, a 1 
which is so good, and so likely to exert a considerable influenci 
later editions, that our best plan will be rather to indicate 
capabilities for improvement than to eulogize the successer 
tained .” — Athencexvm (1898). 


“ Zoological students owe a deep gratitude to Professor Sedgv icl< 
for this excellent and very comprehensive work .” — Spectator (18i)8). 


** As an exposition of the modern ideas of the morphological rela- 
tions of the coelom and the animals possessing it, Mr. Sedgwick’s 
work will take a high rank .” — Literature (1898), 


“ The book is a most valuable contribution to zoological liters 
and will be of special use to advanced L..,udents find teachers as / 
as to those working at special groups, who wish to keep in t v 
with general zoology .” — Lancet (1898). 


It makes an admirable and handy book of reference to, 
interested in natural history, who will here find the general 
and habits of a large number of animals described in a r< 
style. No efforts have been spared to make the path of the 
zoologist as easy and pleasant as possible. The book is b ' 
question one of the best volumes on zoology at present availabk . 
Knowledge (1808). 


” Mr. Sedgwick is an original thinker with a clear, ^erso t 
incisive style .” — Guardian (1898). 


•• It is without doubt the completest work of its kind accepsibL 
to Elnglish readers .” — Pall Mall Gazette (1898). 
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PEBFACE 


In preparing the present work I have been actuated mainly 
by the desire to place before English students of Zoology a 
treatise on which the subject was dealt with on the lines 
followed with so much advantage by Claus and his predecessors 
in their works on Zoology. My original intention was to bring 
out a new edition of Claus’ Lehrbuch, revised and brought up 
to date, and a trace of this intention may be seen in a few pages 
of the present volume. But this plan was, for various reasons, 
soon given up, and the present treatise is, with the exception 
of about twenty pages, an entirely new work. 

For a successful study of Zoology it is necessary that the 
student should begin by making a thorough examination of 
individual animals, of their structure, of the functions of their 
parts, of their relation to the external world and to each other. 
This method of study by types, which was largely introduced 
into this country by Huxley, and is admirably exemplified by 
that author’s book on the Crayfish, is absolutely necessary as 
a preliminary to any thorough study of Zoology. By pursuing 
it the student acquires, if the animals are properly selected, a 
knowledge of the principal forms of animal life, and a basis 
from which more extended studies can be made. It is to assist 
these more extended studies that the present ^work is designed. 
At the same time it is hoped that the book will be of value to 
all interested in Natural History, whether professedly students 
of Zoology or not, if in no other way than as a handy book of 
reference in which, by means of the index, information may be 
gained of the general nature and habits of a large number of 
animals, and of the more important and striking of the pheno- 
mena of animal life. To assist in giving the book utility ir 
th^ direction, I have cndeavuured, in the index, 
readier to the page on which technical terras are 
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first time and explained. At one time I thought of adding to 
each chapter a detailed account of some easily accessible species 
belonging to the group with which it dealt, but on reflection 
it appeared to me that such accounts were not required ; for 
we possess them in an excellent form in many useful and well- 
known books, which are accessible to everyone. Moreover, to 
have done so would have either imduly increased the size of the 
book or rendered necessary the omission of much interesting 
matter concerning the infinite variation of animal structure and 
habits not found in works easily accessible to students. 

Small print has been used for those parts of the work which 
deal with disputed matters or with subjects of a more recondite 
character. It has also been employed for the accounts of the 
families and genera which will be used mainly for reference. 
By this means I have been able to give far more information 
than would otherwise have been possible. To further the same 
object I have used, in the small print dealing with families and 
genera, not only abbreviations, but also what has been called 
by a friendly critic the style of the note-book. I very carefully 
considered my critic’s objection to this “ note-book style,” but 
I decided that so long as I did not become unintelligible, the 
employment of it was justified by the object in view. More- 
over, I have been careful to limit its use to those parts of the 
work which were apart from the main narrative, and would be 
almost entirely used for'*purposes of reference. Most of the 
abbreviations are explained in the index, and it is hoped that 
no inconvenience will arise on account of their use. Authors’ 
names for genera are given throughout. It has been pointed 
out to me, too late however for alteration, that the customary 
abbreviations for those names are not always used, and that 
my abbreviations have varied even on the same page. I am 
afraid that this charge is true. I can only hope that my 
carelessness in this respect will not cause my readers serious 
annoyance. 

To make the book more complete as a work of reference, I 
have endeavoured to mention and give an account of as many 
families as possible. For the same reason I have named a large 
number of genera without giving any accoimt of them. It may 
apjpear to some absurd to name without describing so many 
genera. My object in doing it has been to make the book more 
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useful in enabling students to track as many unknown names 
as possible to their place in the system. 

I must ask the indulgence of my readers towards the many 
imperfections df this work. It is impossible to have a specialist’s 
knowledge of every group, and in a book of this size, dealing 
with an enormous number of facts and names, it is beyond 
human capacity to avoid mistakes. Every care has been taken, 
and it is hoped that they will be foimd to be neither numerous 
nor important. The errors would undoubtedly have been much 
more numerous had it not been for the kind assistance given 
me by my friends. To Mr. J. J. Lister I am especially indebted. 
He has looked through all the proof sheets, and has brought to 
bear a critical power and discrimination which have been 
invaluable. I cannot be sufficiently grateful for his assistance. 
Mr. Lister has also contributed the account of Coral Beefs, and 
of the reproduction of the Foraminifera. My thanks are also 
owing to Mr. Heape and Mr. Graham Kerr, who looked through 
the greater part of the proofs, and to Mr. Shipley, Dr. Benham, 
Professor Haddon, and Dr. Harmer, who looked over the proofs 
of portions of the book, and gave me the benefit of their special 
knowledge. I have thus often been saved from errors into 
which I should otherwise have fallen. My principal sources of 
information are acknowledged in the foot-notes ; but I must 
not omit to make mention here of works from which I have 
obtained special help ; these are Biitschli’s Protozoa in Bronn’s 
Thierreich, Chun’s introductory account of the Codenterata also 
in Bronn, Wasiliewski’s Sporozoa, Pelseneer’s Mollusca, and 
Benhain’s Polychaeta in the Cambridge Natural History. 

Of the illustrations about fifty are new, of the remainder 
the majority are from Claus’ Lchrbuch ; but some, which I have 
been permitted to make use of by the courtesy of the author 
and publishers, are from Bronn’s Thierreich, Perrier's Zoologie, 
Korschelt and Heider’s Embryology, and Lang's Textbook of 
Comparative Anatomy. 

In the classification the principal departures from precedent 
concern the group of Amphinenra, which has been given up, 
and the Gephyrea, which has been broken up into four inde-«j 
pendent phyla. The reasons for these innovations are given iim- 
the body of the work. 

The woi'k will be issued in tw'o volumes. The present volume 
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deals with the whole of the animal kingdom except the ArOiro- 
poda, the Ediinodermata, and the Chordata. The treatment of 
these will be included in the second volume, in the production 
of which 1 have been fortunate enough to gain the co-operation 
of Mr. Lister. The second volume is in preparation, and will, 
we hope, appear without any great delay. It wiU, if possible, 
contain a part dealing generally with the facts and principles 
of Zoology, but it may be necessary, from considerations of 
size, to reserve this for a third volume. 
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Our knowledge of the Protozoa has advanced so rapidly within 
the last few years, largely owing to the fact that many Protozoa 
are important and dangerous agents of disease in men and 
animals, that a separate technique and literature devoted to the 
science of Protozoology alone have grown to considerable dimen* 
sions. In a text-book designed to give a student some general 
idea of the whole animal kingdom it becomes necessary to reduce 
the treatment of Protozoa down to a short account which wQI 
give a clue to the relationships of the numerous forms he may 
meet with amongst the Protozoa. This I have endeavoured 
to do, and in consequence the fascinating and increasingly 
important physiological side of Protozoology will appear to 
have been neglected in the following chapter. In fact, the material 
is collected from one-half (the systematic half) of the Protozoology 
course of lectures which has been given for abme years at Glasgow 
University, and the physiological half of the course is only treated 
of incidentally under the various classes. This agrees, however, 
with the late Professor Sedgwick’s treatment of this volume, 
as he was reserving for future volumes the theoretical and physio- 
logical parts of Zoology. In any case, circumstances compel 
the publishers to republish the volume without any considerable 
increase in size or alteration in the pagination. I was given the 
problem, therefore, of dealing with the Protozoa in a small number 
of pages. This involved the complete rewriting of the chapter, 
as, owing to the cause mentioned above, the information regarding 
Protozoa is more quickly out of date than is that dealing with 
any other group. The reason for selecting a systematio rathmr 
than a general method of treatment was to maintain the chapter 
in line with the rest of the book. 

One word more: the Protozoa of medical importance are 
deliberately neglected beyond mere mention o| . some of 
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because they can be read up in most elementary textbooks. 
Their importance to zoological students, as apart from medical 
students, is usually over-emphasized in textbooks of Proto- 
zoology. 

All these reasons may help to explain many omissions, the 
small number of illustrations, and the lack of references to original 
authorities. In the latter connection, as there was no space 
to mention most authorities, they all are rigidly suppressed, as 
the only consistent method. This lack of references is made up 
for by a list of books at the end of the chapter, wherein it will 
be easy for students to study any point further than is possible 
in the limited space here available. 

The best account of Protozoa in English is Minchin’s Intro- 
duction to the Study of Protozoology, while for more detailed 
study Doflein’s Protozoenkunde is indispensable. 

To Professor Graham Kerr I am indebted, not only for the 
opportunity of writing this chapter, but also for the constant 
liberality and kindness with which he has always assisted me 
in my Protozoological studies and teaching. 

My friend. Dr. H. M. Woodcock, has been good enough to read 
the manuscript of this chapter for me, and it has benefited 
considerably by his invaluable criticisms and suggestions, while 
Professor J. M. Drummond kindly gave me advice with rejjard 
to the plant-like forms amongst the Flagellates. 

J. S. Dukkerly 

Glasgow, 

June, 1926. 



CHAPTER I 


PROTOZOA 

INTRODUCTION 

The Protozoa are unicellular firpn-niania — ^that is, the whole organ- 
ism is a single protoplasmic (living) element, consisting of a 
mass of cytoplasm and containing a nucleus, the latter being 
necessary for the normal maintenance of the cell’s living activities. 
The full definition and description of the cell and nucleus is part 
of the science of Cytology, and cannot be dealt with here. The 
term “ cell,” however, was first applied to a unit part of animal 
or plant bodies — thus the liver of an ordinary animal is made up 
of thousands of “ cells.” These unicellular units of the liver, 
then, have no separate individuality as organisms — ^they are parts 
of a whole in that respect. They may be referred to as individual 
cells, but that “ cell individuality ” is something very different 
from the “ body individuality ” of a whole living organism. 
As one descends in the scale of animals (or plants), however, 
the individual organism decreases in size and complexity of parts, 
and also in the number of cells comprising it, e.g. Hydra 
and, still more so, the Mesozoa. In the Protozoa the animal 
consists only of one cell with its nucleus, yet it is a complete 
individual, as is the whole multicellular Metazoan animal. As an 
entity the Protozoon is equivalent to the whole Metazoon, not 
to one of the latter’s body cells. In structure, however, though 
not in individuality or life-cycle, the Protozoan cell is clearly com- 
parable with the Metazoan cell. It is therefore convenient and 
correct to apply the term “ cell ” to the Protozoan body, and 
the Protozoa must be regarded as unicellula r. 

The general properties of protoplasm and of cells cannot be 
dealt with here, important though they are for an understanding 
of the activities of the Protozoa, but these subjects are dealt 
with in books on general physiology and cytology. There are. 

B 
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however, some general remarks on Protozoan morphology and 
physiology which may be made here as an introduction to the 
subject of the chapter. 

The outline of the cell may be changeable, as in Sarcodina, or 
constant, as in Ciliata and in some of the Sporozoa and Mastigo- 
phora. A skeleton — i.e. a supporting or protecting structure — may 
be formed either internally, as in Radiolaria, or externally, as in 
Thecamoebina. 

Organs of locomotion are described under the various classes, 
being classified generally as pseudopodia , changeable flowing 
processes of the cytoplasra ; fiagella, flexible protoplasmic 
threads ; cilia, shorter vibratile threads which work in unison 
or rhythmically. The special method of locomotion in Sporozoa 
is described on p. 897. 

As special contractile structures some Protozoa possess myo- 
nemes or myofibrillae, which by their contraction can bring 
about sudden and great changes in form of the cell. These are 
most highly developed in Ciliata (Fig. 42), in which group also 
controlling neurofibrillae have been described as connected with 
the locomotor organs, and in some as forming a motorium, 
or motor control centre (Fig. 43). The myophriska of Radiolaria 
are short, thick rods attached to the cell body and to the radia- 
ting spicules, and are believed to control alterations in volume 
of the cell. 

Feeding methods in Protozoa are various. Some organisms 
classified in the Protozoa are plant-like in their physiology, 
synthesizing CO 2 and H 2 O by the aid of pigmented formative 
bodies, the chromatophores, and in the presence of sunlight, 
into starch and other carbohydrates, this process being known 
as photosynthesis. But most free-living Protozoa feed in a hoh- 
zoic manner — that is, by the ingestion of solid particles of animal 
or plant nature, such as Bacteria. These are then digested in 
food vacuoles y which contain one or more digestive ferments. 
By their aid the food is rendered soluble, and it then passes into 
the endoplasm of the Protozoon, supplying it with energy for 
movement and material for growth. During the process it is 
interesting to note that the vacuole contents are at first acid, 
and later become alkaline. The undigested residue of the food is 
passed to the exterior, either through a temporary opening in the 
ectoplasm or through a definite permanent pore, the cytopyge. 
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in the case of many flagellates not possessing ani organ for 
the ingestion of solid food the method of nutrition is by endosmosia 
of dissolved nutritious substances from the surrounding fluid 
medium, as in Cestodes, and these forms are known as saprozoa 
or saprophytes, according to their animal or plant affinities 
in other respects (e.g. Astasia, Scytomonas). Parasites such as 
Trypanosomes and Gregarines feed in the same way (sapros- 
mosis). Probably many forms can obtain nutriment from the 
surrounding medium in more than one way, e.g. Eicglena is holo- 
phytic and saprophytic, Colpidium is holozoic and saprozoic. 

As organ of excretion, respiration, and perhaps serving also 
as compensatory organ for differences in osmotic pressure, many 
Protozoa have a contractile vacmle. This collects superfluous 
fluid, often by means of converging channels (e.g. Paramecium, 
Stentor), from the endoplasm, and when the vacuole reaches a 
certain size it bursts to the exterior, liberating fluid charged with 
COg and dissolved excretory products into the surroimding 
medium. 

With the excretory products may be reckoned the haemozoin 
pigment of the malaria parasites, derived from their digestion 
of the haemoglobin of the host red blood cells, and the excretory 
crystals (calcium phosphate ?) of Amoeba, Paramecium, etc. 

Many Protozoa during their active periods stpre up reserve 
food, which can be utilized when the organism is encysted or 
otherwise resting. Such food reserves may consist of the carbo- 
hydrates starch (amylum) in Phytomonads, paramylum in Euglen- 
oidina, leucosin in Chrysomonads, glycogen in Mycetozoa and 
Pelomyxa, paraglycogen in Gregarines, or oil in the Badiolaria. 

Reproduction usually is by binary fission, preceded of course 
by nuclear division. This is replaced sometimes by multiple 
fission, in which the nucleus divides several times and then the 
cell body breaks up into several cells, each with its nucleus. 
This leads up to agametogony or schizogony, m which the cell 
body similarly divides up into a large number of very much 
smaller cells, agametes or merozoites. These agametes are usually 
motile either by means of pseudopodia (when they are termed 
amoebulae) or by means of flagella (flagellulae). 

The process of reproduction in higher animals is usually con- 
nected with some process of syngamy or nuclear fusion, such as 
is seen in the union of ovum and sperm nuclei, but in Protozoa 
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the two processes ate qoite distinct, since reproduction, as 
described above, may continue for some time (in some oases 
indefinitely, e.g. Trypanosomes), without any appearance of 
syngamy. In fact, since in Protozoa reproduction consists of 
the division of the ordinary individual, while syngamy consists 
of the union of two such, the two processes would appear to be 
not only different, but opposed. Usually, however, the ordinary 
process of fission camiot continue indefinitely, but at some 
stage in the life-cycle of a Protozoon syngamy of some kind 
becomes necessary for the continuance of the species, and this 
is particularly the case in the higher groups, the Sarcodina, 
Sporozoa, Ciliophora. 

In some of the Mastigophora syngamy takes place by the total 
fusion of two ordinary individual cells and subsequent fusion of 
their nuclei, but in the higher Mastigophora and in the groups 
Sarcodina and Sporozoa syngamy occurs only between specialized 
individuals, the gametes. In the pairing of such gametes, we find 
that in some cases the two gametes of a pair are similar iso- 
gameies, e.g. Haematococcus, Trichosphaerium, Monocystis sp. 
or dissimilar anisogametes, e.g. Volvox, Mastigella, Coccidium, 
and these anisogametes provide us with the first appearance of 
sex, i.e. dissimilarity between the pair of individuals undergoing 
syngamy. 

In Ciliophora a new phenomenon makes its appearance, namely 
so-called “ conjugation,” sensu stricto. This consists of two indi- 
vidual cells coming together temporarily and exchanging nuclear 
material (gamete nuclei) without cell fusion taking place (see 
Fig. 44). Here again the distinction between reproduction and 
syngamy is well seen, since the onset of syngamy in the indi- 
viduals comprising a culture can only delay the usual process 
of cell fission, while the latter can continue for many “ gener- 
tions ” without syngamy occurring. In this connection, however, 
it hae been found that even where sjoigamy between individuals 
is prevented or delayed there can take place an internal process 
of nuclear reorganization, called endomixis (see Fig. 45), which 
presumably serves some of the functions of syngamy. 

This leads us to a consideration of the life-cycle in Protozoa. 
In Trypanosomes, as far as we know, the life-cycle consists simply 
of successive divisions of the cells in one host or the other, with 
no enoystation or syngamy ; in some other Flagellates this phase 
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of reproduction alternates with an encysted (resting or infective) 
stage, while in others we have fission, 83mgamy, encystment, 
following one another in that order and comprising the whole 
life-cycle. The appearance of the syngamic and encystment 
phases probably depends upon the state of the environment in 
relation to the organism. 

Other forms, such as the parasite Coccidium, have a definite 
life term, existing for a time only in their host, this time being 
partly dependent upon the extent of food available for the parasite 
to live upon. When that is exhausted, or sufficiently so, the 
parasite goes through its syngamic phase, encysts, and passes out 
of the host to infect a new one. 

The same thing occurs in cultures or infusions where the food 
supply can become exhausted or non-available, when the Proto- 
zoa, which have been actively multiplying, encyst and enter 
on a resting phase. Here, however, the encystment stage can be 
delayed almost indefinitely by sub-culturing into fresh food 
medium, so that the life-cycle in such forms depends more 
directly on external than on internal factors. 

In forms like Foraminifera, in which the power of binary fission 
has been lost, the organism can only reproduce itself by a constant 
alternation of generations, the asexual agametogony and syn- 
gamic gametogony (see Fig. 17). 

The Protozoa include the most primitive and ancient repre- 
sentatives of both Plant and Animal Kingdoms, but owing to 
their extreme delicacy of structure and their minute size, their 
palaeontological history is very fragmentary. The only forms 
found commonly as fossils are Foraminifera and Radiolaria, 
which possess calcareous and siliceous skeletons, but these two 
happen to be very highly evolved orders of the Sarcodina, and 
we know nothing of the first appearance of the simpler forms 
of Protozoa in geological history. 

Geographically most of the free-living Protozoa are cosmo- 
politan, while the parasitic forms are more limited in range, 
owing to their dependence on the distribution of their hosts. As 
is the case with Metazoan parasites, the affinities of the species 
of parasites often bear interesting correlations with the affinities 
between the host species. 




Class I. MASTIGOPHORA. 


Protozoa usually of definite and constant form, with elastic 
pellicle, possessing flagellum or flagella, usually 1-8 in number, 
for locomotor and feeding 'purposes. Nucleus single with rare 
exceptions, usually of simple structure, ‘with karyosome. 

The body is usually limited by a resistant pellicle or firm outer 
layer of ectoplasm which serves to maintain its form. The elastic 
character of this pellicle in some, however, allows of temporary 
changes of form, e.g. peristaltic movements of Euglena, 
Astasia. A secreted envelope or lorica of hardened mucus, etc., 
is formed in some, especially in sessile forms, and it may be 
attached to the substratum by a stalk of the same material, 
e.g. Craspedomonadidae, Chrysomonadina. Cellulose cell-mem- 
branes are found in the Phytomastigina and in the Dinoflagellata. 
The typical flagellum, consisting of a contractile fibril in an elastic 
sheath, arises from a small staining basal granule (often closely 
connected with the nucleus), and exhibits either undulating or 
spiral movements, by means of which the organism is pulled or 
propelled along. In most cases the flagellum is anterior in 
movement (tractellum), but in Dinoflagellates and Craspedo- 
monadidae the flagellum is posterior during locomotion, acting 
therefore as a pulsellum. 

The body contains in the endoplasm : — the nucleus, some- 
times hardened skeletal fibrils or rods (e.g. Trichomonas), food 
vacuoles, contractile vacuoles, food reserve substances, and 
in green forms chromatophores containing chlorophyll or allied 
substances. In some motile pigmented forms there is a red 
stigma or light-sensitive organ near the anterior end and in close 
relation with the locomotor flagellum. 

The green pigmented forms obtain their nutriment as do ordin- 
ary green plants, by combining, with the aid of their chromato- 
phores, water and carbon dioxide (dissolved in water) to form 
carbohydrates, and these with the dissolved nitrogen compounds 

7 
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in the water comprise the food of the organisms. Excess carbo- 
hydrate material is deposited in the cell in the form of reserve 
starch (amylum), paramylum or leucosin. These forms therefore 
are true plants, except that they may lack a cellulose or other 
secreted membrane, and for them the term Frotophyta would be 
more exact than Protozoa. They are, however, closely related 
to colourless forms, which are true Protozoa. The food of the 
holozoic (animal-like feeding) forms consists of bacteria or vege- 
table and animal fragments, which are taken in either at a 
definite opening into the body (cytostome or mouth), or through 
the soft protoplasmic pellicle, usually in a definite region of 
the body. The parasitic forms are saprozoic, subsisting on the 
fluids of the host body. Many flagellates are coprozoic, living 
in animal faeces, either as free-living saprozoa or as holozoic 
feeders. 

The nuclear structure is usually of the simple karyoso- 
matic type with peripheral chromatin, but in Dinoflagellates 
there is a large chromatic mass showing at division scores 
of thread-like chromosomes. Typical nuclear division is pro- 
mitotic, a bulky karyosome being retained during division, 
which takes place within the nuclear membrane, as in the 
Euglenoidina. 

The usual method of reproduction is by binary longitudinal 
fission, but apparent schizogony — that is, splitting into several 
individuals — hsis been described in some parasitic forms, e.g. 
ProwazekeUa, Oiardia, Trichonumas. J In longitudinal fission the 
nucleus, basal granule of the flagellum, and the accessory para- 
basal body when present, all divide to form these organellae in 
the two daughter individuals, but a new flagellum for one of 
the daughter cells usually grows out from the basal granule. 
During active division, large and small forms are often pro- 
duced, difiering very much in size and proportions, and 
producing the temporary polymorphism seen, e.g. in Trypano- 
soma, and these have been interpreted incorrectly as male and 
female dimorphic individuals. 

Syngamy has been observed in some of the free-living lower 
groups of flageUates, but is absent apparently in the parasitic 
Trypanosomidae. The nuclear details of the syngamic process, 
including nuclear reduction and the fusion of the gamete nuclei, 
have been described in the Euglenoid, ScyUmonas. 
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In the specialized Phytomonadina there is increasing dimorph- 
ism of the gamete individuals until in Volvox we find macro- 
and micro-gametes resembling the ova and spermatozoa of the 


higher animals. 

Colony formation is common in the Chrysomonadina and 
Phytomonadina, exemplified by Dinobryon and Votvoac, while 



c 

Fig. l. -Volvox. A, view of a whole colony containing a single daughter colony: B 
ft single ccll-individnal ; C, part of colony as seen In surface view ; D, a single miciD- 
gamete. b, T>rotoplasmic bridge ; cv, contractile vacuoles * chr, chroma tophore ; M, 
inacrogametocyte ; n, nucleus ; st, stigma. From Graham Kerr. 


in the series Gonium, Pandorina, Platydorina, Votvox one can 
see an increase in size of colony accompanied by increased differ- 
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entiation of the specialized gamete cells. This tjrpe of colony 
fonnation, in which the colony as a whole retains mobility and 
in which all the individuals retain their individual locomotor 
organs, does not appear to lead to any higher type of organiza- 
taon, animal or plant. 

The group as a whole is specially interesting, as sbme members 
are jdants and others are animals, if we use a physiological 
criterion. The Phytomonadma and Protomonadina respectively 
are regarded as the simplest and most primitive plants and 
animals, and the primitive character of the class is further shown 
by the absence of complex life-cycles. 

Sub class 1. FHTTOBIASTIGINA. 

These are forms which may be termed Protophyta, their physiology 
being in many respects similar to that of green plarUs. They possess, 
accordingly, chromatophores which contain the plant pigments 
chlorophyll {e.g. Evglenoidina, Phytomonadina), together with 
xanthophyU (e.g. Chrysomonadina), or a mixture of pigments 
similar to thcU found in the Phaeophyceae or brown algae (e.g. 
DinoJlageUata). 

The Chrysomonadina are related on the one hand to some of 
the recognized algal forms amongst plants and on the other hand 
to the Protomonadina, and perhaps Amoebina, among the animal 
forms. The Cryptomonadina, which form true starch as their 
reserve food substance, possibly gave rise to the ancestral form 
of tome of the green and brown algae. 

Order 1. Chbysomonadina. 

With one or two yellow chromatophores containing chryso- 
chrome (chlorophyll -f- xanthophyll). Carbohydrate reserve 
formed is leucosin. Autotrophic (photosynthetic) method of 
assimilation as in green plants, though some are also holozoic. 
Ught-receptive stigma in some. Most are motile, but some form 
colonies embedded in jelly, showing transition to algal stage. 
Besting cysts with pore closed by plug. Freshwater habitat, 
common in peaty pools. 

Fam. 1. Obronmliiiidae. With one flagellum. OhromtUina Cienk., 
free-swimming, solitary. Mallomtmas Petty, with sculptured and spined 
lories. ChrytotphaereUa Lsuterb., motile colony. Chrysamoeba Klebs 
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with amoeboid phases. Hydrurus Barchner, a related form, is a branching 
colony with apical growth, containing aflagellate forms, but with flagellate 
Bwarmspores. 

Fam. 2. Hymenomonadidae. With 
two equal flagella. Hymenomonas 
Stein, with lorica, free -swimming, 
solitary. Synura Ehrbg., motile 
colony, individuals with delicately 
spined lorica. 

Fam. 3. Ochromonadidae. With 
two unequal flagella, one long, one 
short. Ochromonaa Wyssotzki, free- 
swimming, solitary. Dinobryon Ehrbg. 

Branched colonies formed by loricate 
individuals. 

Fam. 4. Silicoflagellidae. Uniflagel- 
late forms in marine plankton with 
siliceous Radiolaria-like skeletons. 

DistephaniM Ehrbg. Didyocha Ehrbg. 

Fam. 5. Coccolithophoridae. Marine 
plankton forms, with skeleton of 
knobs or studs of , calcium carbonate (Coccoliths). Coeedithophcra 
Murr. Syracoaphaera Lohm. 

Order 2. Cryptomonadina. 

With two olive-green chromatophores, obliquely truncated 
anterior end, and two equal flagella. Carbohydrate reserve is 
starch. Deep anterior depression or groove in some, with wall 
of staining rods. Freshwater and marine. 

Fam. 1. Eucryptomonadidae. Motile solitary forms. Cryptomonaa 
Ehrbg. with characters of order. F.w. and marine. Rhodomoiuu Karsten, 
reddish chromatophores, marine. Chilomonaa Ehrbg., colourless, but 
with characteristic shape and starch reserve. Nephroaelmia Stein, kidney 
shaped with equatorial groove. 

Fam. 2. Phasoeapsidae. Colonial immotile gelatinous forms inter- 
mediate between Cryptomonadins and Fhaeophyceae. Naegeliella Correns 
with long thread-like processes. Phaeothamnion Lagerh., thread-like 
masses of individual cells embedded in jelly. P/taeocystia Lagerh., floating 
hollow gelatinous balls with embedded immotile individuals. 

Order 3. Dxnoflaoeixata. 

Body may be naked or covered with a cuirass of cellulose 
plates, with numerous green or yellow chromatophores or 
colourless, two flagella — one posterior arising from longitudinid 
groove, the other sometimes ribbon-like, imdulating rapidly, 
in transverse girdle or groove of cuirass, light-receptive stigma 
with well-developed lens-like body sometimes present. 

The vacuolar S3r«tem is very complex, consisting in some forms 




12 


PROTOZOA 


of a large reservoir vacuole as well as the collecting vacuole of 
the contractile system. 

Nutrition is photo83mthetic in most forms, but some of the 
colourless ones are holozoic. 

Reproduction is by longitudinal, apparently diagonal, fission, 
and incomplete division produces in some forms a chain-like 
colonial form. Resting cysts are formed in 
Cystodinium, etc., in which repeated divisions 
take place, and the daughter individuals 
emerge to carry on the life-cycle. In the 
D.noflagellato Diplodinivm two kinds of 
cysts occur in the Ufe-cycle, and these may 
represent an alternation of generations, 
i.e. sporogony (gametogony) and schizogony 
(agametogony), in the life-history. 

Chatton has described a number of 
Dinoflagellates {Blastodinium, etc.) which 
are ecto- or endo-parasites of Copepod>, 
etc., and these are profoundly modified in form, so that 
only the motile swarm-spore stage and the nuclear structure 
betray their relationships. 

Dinoflagellates are common plankton forms, both marine and 
freshwater. 



Fig. Z.—Ulenodinium cine- 
turn (after Biitsrhli), Ven- 
tral view, g, longitudinal 
flagellum ; /g, transverse 
flagellum; c/<r, chroma- 
tophorea ; Oc, stigma. 


Sub-order 1. adinida. 

No grooves, body naked or two-valved shell, two anterior 
flagella, one straight and one spiral. 

Prorocentrum Ehrb. Exuviella Cienk. 

Sub-order 2. dinifera. 

Typical longitudinal and transverse grooves present, longi- 
tudinal flagellum posterior. 

Fam. 1. Oymnodinidae. Body naked, but grooves present. Oxyrrhis 
Duj., primitive form, no cell membrane, grooves feebly developed. Poly- 
krikoa Butschli, colonial form with nematocysts. Pouchelia Schiitt with 
well-developed stigma and lens-like body. Hemidinium Stein with incom- 
plete transverse groove. Amphidinium Cl. and L., transverse groove anterior. 
Oymnodinium Stein, transverse groove median. Oyrodinium Kofoid and 
Swezy, spiral transverse groove. Blastodinium Chatton, parasitic forms 
in Copepods, swarmspores with groove. 

Fam. 2. Peridiniidae. Typical skeleton or cuirass well developed, 
usually composed of distinct plates, with transverse and longitudinal 
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grooves. Glenodinium Ehrbg., very thin skeleton. Peridinium Ehrbg., 
oval and round forms. F.w. and marine. Ceratium Schrank with tri£>od 


extensions of skeleton. F.w. and marine. 
Goniodoma Stein, polyhedral form, marine. 
Ceratocorya Stein, well-developed spines, 
in marine plankton. 

Fam. 3. Dinophysidae. Forms with 
bilateral symmetry, often keeled, bizarre 
in shape. Foimd in plankton of tropical 
seas. Dinophysis Ehrbg., Ampkiaolenm 
Stein, Phalacroma Stein, Ornithocercus 
Stein, Histioneia Stein. 


Fig. i . — Ceratium tripos shell (after 
Stein). If, lonffitiidinal furrow; qf 
transverse furrow. 

the cell there are oil globules, which are photogenic, the 
organism being highly luminous at times » In the pit or groove 
which represents the cytostome there is, besides one small 
flagellum, a large transversely striated tentacle, such as is found 
in certain Dinoflagellates. These forms, and Noctiluca in par- 
ticular, though colourless, are closely related in structure to other 
Dinoflagellata, in which Order they are now placed by most 
authorities. Binary fission occurs, and at other times numerous 
small, uniflagellate spores are produced by repeated nuclear 
division. These are set free, but whether they are part of a 
process of gametogony or agametogony is not known. 


Sub-order 3. cystoflagellata. 

Large, highly specialized marine 
plankton organisms, most of the 
body composed of vacuolar gela- 
tinous substance. In the more 
compact protoplasmic portion of 



Noctiluca Suriray. Large (1 mm.) spherical holozoic form common 
at times in plankton in temperate to tropical seas. Leptodiacua R. Hertwig 
resembles in form a small medusa. Cfaspedotella Kofoid is medusiform 
with kind of velum. 


Order 4. Euqlenoidina. 

Flagellates with thin pellicle, one or two flagella arising from 
anterior pit or canal (cytostome), numerous green chromsto- 
phores usually present, reserve food material paramylum or oil, 
light-receptive stigma in green forms, contractile vacuole and 
reservoir. Division often in resting stage. 

Fam. 1. Euglenidae. Green forms with red stigmata, usually one 
flagelliun. Both saprophytic and photosynthetic modes of nutrition 
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may be found in the same form, e.g. Euglena, “ Metabolic ” movement 
common, i.e. rapid changes of form. Euglena Ehrbg. with characters of 
family, paramylum bodies often of characteristic size and shape. Common 
in f.w., one or two spp. parcbsitic. Phacus Nitzsch, a pear-shaped twisted 
form. Trachelomonaa Ehrbg., with brown sculptured lorica, in f.w. 
Colacium Stein, with sessile stalked stage. 

Fam. 2. Astasiidae. Resembling Euglena, but colourless, saprophytic. 
Division in motile stage. Astasia Duj., very “ metabolic.” 

Fam. 3. Peranemidae. Colourless, saprophytic or holozoio forms 
with bilateral symmetry, cytostome with rod-like body or “ Stoborgan.” 
Peranema Ehrbg., long, very ** metabolic ” form. Scytomonas Stein. Ovoid 
flattened holozoic form, in decaying infusions ; isogamous copulation 
described. Entosiphon Stein. Oval flattened, two equal flagella, long 
” Staborgan.” Petalomonas Stein. Flattened ovoid form, with keel, uni- 
flagellate. Urceolus Mereschk. Very wide funnel anteriorly, leading to 
cytostome. Anisonema Duj., with two flagella, one long, thick, trailing. 


Order 5. Phytomonadina. 

True Protophjrta, usually with basin-shaped green chroma- 
tophore, sometimes red with haematochrome, red stigma, cellu- 
lose cell wall, and starch as reserve food material. Placed by 
botanists among the green algae (Chlorophyceae), yet they show 
also clear afl&nities with other undoubted Flagellates. The 
chromatophore usually contains a pyrenoid, a protoplasmic body 
surrounded by secreted starch. 

Fam. 1. Polyblepharididae. Body metabolic without cellulose mem- 
brane, 4-8 flagella, chromatophore, stigma and pyrenoid. Pyramimonas 
Schn. 

Fam. 2. Chlamydomonadidae. Oval, solitary forms with cellulose 
membrane and characters of family. Chlamydomonas Ehrbg, has two 
flagella, and fission takes place within the cellulose membrane. Conjuga- 
tion of isogamous cmd anisogamous forms described for different spp. 
C. {Haematococcus) nivalis^ cause of “ red snow ” in Alps, etc., is coloured 
deep red by excess of haematochrome, correlated with lack of phosphorus 
and nitrogen in natural environment. Carteria Dies, has four flagella, and 
a similar form is described as the symbiotic alga in Turbellarian, Convoluta, 
Pdytama Ehrbg. resembles Chlamydomonas^ but is colourless, saprophytic. 
Parapolytoma Jeuneson has truncated anterior end resembling that of 
Cryptomonadina. Haematococcus, with wide space between body-wall 
and oell-membrane, is green or red (with haematochrome). Common in 
gutters, rainpools. 

Fam. 3. Volvoddae. This family shows increasing development of 
colonial habit, with individuals embedded in jelly-like matrix, each 
individual with 2 flagella, chromatophore, stigma, pyrenoid, and contractile 
vacuole. Parthenogenesis (i.e. reproduction from asexual individuals, 
parthenogonidia) and conjugation of gametes both occur in the life-cycle. 
Qametee show stages from isogamy to anisogamy. 

Spondylomorum Ehrbg. resembles colonial Carteria, 16 individuals in 
oolosiy. Ch>nium O. F. Miiller, plate-like colony of 4-16 individuals. 
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Fio. 5 . — Gonium pectorale (after 
Stein). I'hc colony ; (a) from 
above ; (6) from the side. 


Isogamy. Pandorina Ehrbg., spherical colony of 16 or 32 individuals. 
Slight anisogamy. Eudorina Ehrbg., spherical colony of 32 individuals. 
Well-marked anisogamy. Pleodarina Shaw, from 32 to 128 individuals in 
colony ; shows well-marked differentiation 
into generative gonad and vegetative 
somatic individual cells. 

Volvox Linn., large spherical colonies 
of 12,60(1-22,000 individuals. Extreme 
anisogamy ; formation of minute microga- 
metes. Stephanosphaera Cohn, spherical 
colony of 8 individuals, equatorially 
arranged. 

Sub-class 2. ZOOHASTIGINA. 

Usually smaU naked Protozoa with 
1-8 jlageUa, or an indefinite number 
{in the Hypermastigina) ; saprophytic 
or holozoic ; never holophytic with 
chromatophores ; food of holozoic 
forms usually bacteria. 

Cytostome present in some, or food 
ingested after formation of protoplasmic vacuole around it. 
Many forms are parasitic in animals or rarely in plants, and 
these usually take in only organic food in solution, i.e. are 
saprozoic. The parasitic forms include some of the most 
deadly agents of disease in man and domestic animals, e.g.. 
Trypanosoma. 

The usual mode of multiplication is by longitudinal fission 
either in the free stage or in cysts. These resting cysts tide the 
animal over a period of depression or, in parasites, during the 
critical change of hosts. 

The relationships of the lower Protomonadina with the Chryso- 
monadina are clear, as they form a parallel but colourless series, 
when their flagellar arrangements are considered. Such similar 
and doubtless related pairs are : Chromulina and Oikomonas, 
Ochromonas and Monas, Hymenomonas and Amphimonas (?). 
The relation of the higher Protomonadina and Polymastigina 
to the Phjrtomastigina, however, is more obscure. The Orders 
Hypermastigina and Distomatina would be derived from the 
Polymastigina. 

The classification of Zoomastigina is based mainly on the 
number and arrangement of the flagella. 
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Order 1. Protomonadina. 

Simple flagellates, no distinct cytostome or obvious organellae, 
nucleus karyosomatic, flagella one or two in number. Division 
by simple longitudinal fission. Syngamy process rarely 
observed. 


Fam. 1. Oikomonadidae. Single long flagellum. Cyst with pore as 
in Chrysomonadina. Oikomonaa S. Kent, in f.w. and soil. Rhizomastix 
Alex, in Axolotl. Embadomo- 

f ^ naa Mackinnon, with largo / 

J cytostome, in Trichoptera 1 

( larvae. Codonoeca J. Clark, \ 

in stalked lorica. Prolepto- \ 

jQ ^ monaa Woodc., in goat faeces, 1 

possibly ancestral form of I 

Leptomonas (Trypanosomi - FI J 

dae). Cercomonas Duj., an / 

jpjQ,^~Oiko 7 nonn 8 amoeboid form; may be / 

Jer mo (after placed here, though it has / 

lJU ticlili). 71, \ 

nucleus; c/', con- also a tail-like attached pos- 

tractile vnciiolc ; terior fiag(‘li on ; in faeces. Wl 

forming. ram. 2. Monadltiae. two » 

flagella, one long, one short ; k*1 

compare Ochromonas. Zl/o/n/s (Fhrbg.) Stein. 

Oval, found in all decaying infusions, feeding ME- 

on bacteria. Detidt oinonaa Stem. Colonial, 
single individuals at ends of branches. 

Anthophysa Bory. Colonial, clusters of indi- 
viduals at ends of branches, yellowish-brown 
stalk. ^ 

Fam. 3. Amphimonadidae. Two equal 
flagella. Duj., free -swimming or ® 

sessile on stalk. F.w. infusions. Spongoinonas 

Stein, individuals embedded in jelly-like 
granular colony. Rhijndodendron Stein, indi- 
viduals in tubular branched colony. 

Fam. 4. Bicoecidae. Cells in cup -shaped 
test, with short one-sided protoplasmic mem- ^ 

brano (variously interpreted as collar or j.,q ■j_^co,losiga botrytu Elirbii. 
peristome) at base of flagellum. Anterior Dlagnini of structure. P/,Fla«cl- 

flagellum has peculiar rolling-up movement in mucins Tnvdipc! w!Ii‘l“a8ii"t4 
one plane; posterior flagellum acts as stalk, in food ingestion; cv, contrac- 
F.w. euid marine. Bicoeca J. Clark, with **^*'^^’ 

characters of family, stalk contractile, solitary 

or colonial. Poteriodendron Stein. Colonial, with large one-sided peristome. 

Fam. 5. Craspedomonadidae. Cells with protoplasmic membrane 
surrounding base of single flagellum as a “ collar.” Double-collared forms 
have been described, but are doubtful. Food ingested at base of collar, 
but outside it. Mucous envelope or thin membranous test in some spp. 
F.w. and marine. Monoaiga S. Kent. Solitary, with short stalk or none, 
no test. Codosiga S. Kent. Individuals in fours on long stalk. 


Dlagnini of structure. FI, Flagei- 
luin ; c, collar ; nil nucleus ; me, 
mucous envelope, which asdrits 
in food ingestion; cv, contrac- 
tile vacuoles; 8, stalk. After 
La page.- 
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Salpingoeca J. Clark, with test, beautifully vase -shaped. Protero- 
spongia S. Kent. Colonial, cells embedded in jelly, some amoeboid. 
Diplosiga (?) Frenzel, described as double-collared. 

Fam. 6. Trypanosomidae. Parasitic forms with one flagellum, some- 
times connected to cell-body by undulating membrane. Characteristic is 
a small staining body' near basal granule of flagellum. This has been 
called a kinetonucleus, but is now termed “ parabasal ” body, homo- 
logous with similar bodies in Poly- and Hypermastigina No food or 
contractile vacuoles are present. Multiplication is by longitudinal fission 
and schizogony or multiple fission, e.g. in T, lewisi, and no syngfiuny 
process has been observed with any certainty. The family appears to 
have originated as parasites of Invertebrates, and to have been trans- 
mitted to the Vertebrates by the biting, etc., habits of the original 
Invertebrate hosts. 

Leptomonas (Herpetomonaa) S. Kent. Parabasal anterior to nucleus, 
no undulating membrane. Spp. parasitic in insects, etc., and one in 
plants. Contaminative infection in insects, by ingestion of faeces. 
Leishmania R. Ross. Spp. found in mammals, including man, as small, 
oval bodies containing nucleus and parabasal, and these in cultures 
give rise to Leptomonaa forms. Transmitted by some biting insect, 
probably fleas and Phlebotomua in different spp. 

Crithidia (?) Leger. Parabasal anterior to nucleus, but flagellum 
with undulating membrane. Parasitic in insects, but perhaps really 
a stage of Trypanoaotna or Leptomonaa, Trypanosoma Gruby, with 
undulating membrane like Crithiduiy but with parabasal posterior to 
nucleus. Numerous spp. parasitic in blood of Vertebrates, including 
mammals, often causing serious disease, e.g. T, gambienae Dutton, cause of 
African sleeping-sickness, with Qlossina palpalis as vector ; T, rhodeaienae 
Stephens and Fantham, of Rhodesian sleeping-sickness, vector O. moraitana ; 
T. brucii Plimm. and Bradf., cause of tse-tse fly disease in cattle, etc., 
in Africa, vector G. moraitana. The transmitting agents are various, e.g. 
leeches for fish and amphibia ; tse-tse flies, etc., fleas and lice for mammals. 
Schizotrypanum Chagas. This is a Trypanosome placed in separate genus 
on account of its active schizogony in the Vertebrate host, the transmitting 
agent being the Hemipteron Triatoma (Conothinua). 

Note. — The literature on this family is now immense, on account of 
its pathological importance, see Tropical Diaeaaea Bulletin, paaaim. 

Fam. 7. Bodonidae. Two flagella, one anterior and one posterior 
trailing. Free -living in infusions and parasitic. Bodo Ehrbg., Heteromita 
Duj. Free-living infusion and coprozoic forms, with parabasal in some 
(these being placed in genus Bodo or in separate genus Prowazekia by 
different authorities). Prowazekella Alex. Spindle-shaped form with 
staining bodies (parabasal ?) on nuclear membrane); parasitic in Lacerta, 
etc. Cryptobia (Trypanoplaama) Leidy has posterior flagellum united to 
cell-body by membrane. Parasitic in fish, snails, etc. 

Order 2. Polymastigika. 

The typical form is shown in Trichonwnaa, with three anterior 
and one posterior flagella, skeletal axostyle and a staining fibril, 
the parabasal. Certain of the group, however, which are com- 
mensal in Termites, were formerly classified in the next order, 
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Hypermastigina, to which they are closely related. Processes 
of 8chiz(^ony and conjugation have been described in Dine- 
nympha, but these require confirmation. 

Fam. 1. Tetramitidae. Four flagella, usually three anterior and one 
posterior. Tetramitus Perty, f.w. One sp. of Tetramittis is said to have an 
amoeboid phase in cultures, thus resembling the Bistadiidae amongst 
the Araoebina. C ostia Leclerq. Parewsitic on skin of fish. Chilomastix 
Alex. Posterior flagellum in large peristomial groove. Intestinal parasi te in 
man and other animals. Monocercomonas Grassi . Four flagella, all anterior. 



Fig. 8 . — Tfichomonat angmta. 1, Active mobile form ; 2, late prophasc of nuclear division 
with five pairs of split chromosomes, paradesmose between divided controblepharoplasts ; 
3, late metaphase, paradesmose outside nuclear membrane ; 4, telophase with parades' 
mose still connecting centroblepharoplasts ; 6, nuclear division completed, cell division 
commencing ; ax^ axostyle ; c, centroblepharoplast ; par, paradesmose. After Kofoid 
and Swezy. / 

Parasitic in insects. Trichomastix Blochm., with axostyle, three anterior 
and one posterior flagella. Intestinal pareisite. Trichomonas Donn^. As 
Trichomastix, but posterior flagellum with undulating membrfiine. Intes- 
tinal parasite in man and other animals. Devescovina Foa and Foaina 
Janicki. Three anterior and one posterior flagella, large parabasal. Com- 
mensfikl in gut of Termites. 

Fam. 2. Calonymphidae. Cell-body with numerous nuclei, para- 
basals, basal granules (from each of which arise three or four flagella) and 
axostylar fibrils. The axostylar fibrils are joined to form a stout axilo 
rod. Body fission occurs independently of nuclear division. Habitat, 
etc., similar to Hypermastigina (g.r.). Calonympha Foa, Stephanonympha 
Jcmicki. 

Fam. 3. Pyisonymphidae. Four flagella with undulating membranes. 
Pyrsonympha Leidy, in gut of termites. Dinenympha Leidy, may be 
young stage of Pyrsonympha, 

Order 3. HYPERMASTiaiNA. 

Large flagellates commensal in gut of Termites (Isoptera or 
Fseudoneuroptera) and Orthoptera, characterized by coating of 
numerous long flagellae arising from anterior end, but covering 
greater part of body. Basal granules, parabasab and axostyles 
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are present, but only one nucleus. Well-marked mitotic figures 
are formed in nuclear division. In Lophomoncts new basal 
granules, parabasals and axostyles appear to be formed anew in 


connection with the divid- 
ing nucleus, the old ones 
remaining intact up to a 
late stage in division. 

Interesting experiments 
have shown that these 
commensals really aid their 
hosts, the Termites, to di- 
gest cellulose in their food 
and that the Termites arc 
unable to digest the woody 
nutriment in the absence of 
the flagellates. 

Fam. 1. Lophomonadidae. 

Circle of flagella at anterior end 
projecting like a brush ; axostyle 
present. Lophomonas Stein in 
gut of cockroach (Orthoptera). 

Fam. 2. Joeniidae. Joenia 
Grassi. Parajoenia Janicki. 

Fam. 3. Trichonymphidae 
Trichonympha Leidy. Psevdo 
trichonympha Gras.si. Terato- 
iiympha Koidzumi has trans- 
versely segmented cuticle, 
resembling a Cestode. 

Fam. 4. Holomastigotidae. 
Whole body covered with 
flagella, resembling long cilia. 
Spiroirichonympha Grassi. Holo- 
mastigotes Grassi. 

Order 4. Distomatina. 

Usually with bilaterally 
symmetrical cell-bodies, in 
which the nuclei are two 
in number and the flagellar 
arrangements are doubled, 
the number of flagella being 
four, six, or eight. Divisions 



Fio. 9. —Trkhonyrnpftu campanula. Nuclear divi- 
sion. 1, inetaphase; 2, telophase; e, centro- 
itlepharoplasts ; w, myoncmes and flagella ; 
par paradesmose. After Kofoid and Swezy. 



FlO. 10 . — Oiofdia (Lamblia) microti, diagram- 
matic. ax, axostyle; cyt, cytostome (or 
sucker); n, nucleus; %k, intra-nuclear rhiio- 
plast; k, karyosome; ph, parabasal body; 
pbg, posterior basal granule ; jr, rbizoplast. 
After Kofoid and C^istiansen. 
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have been described both in the free and encysted stages. BVee- 
living and parasitic. 

Trepomottat Duj., wiUi twisted body, free-living. Hexamitut Duj. 
Oetotnitus Prow. Parasitic in mice, frogs, etc. Urophagv/t Klebe. 
Oiardia (Lambiia) Kunstler, with attaching disc ; parasitic in intestine of 
mammals. 

Class n. 8ARC0DINA. 

Ectoplasm naked, devoid of peUide, cortex or cuticle. Locomotor 
and feeding organs are pseudopodia, temporary extrusions of the 
ectoplasm, and these may be blunt, constantly changing lobopods 
[e.g. Amoebina), long, fine, thread-like fUopods {e.g. Udiozoa), 
or anastomosing reticula (e.g. Foraminifera). Skdetons, either 
internal or external, formed of pseudochitin, calcium carbonate 
or silica, are often present. 

The pseudopodia are used as a means of capturing prey by 
these holozoic forms, as well as functioning as locomotor organs. 
Many attempts have been made to explain pseudopodial move- 
ment on purely physico-chemical lines, and this is of extreme 
theoretical importance, as it is recognized that such an explana- 
tion would go far towards giving us a clettrer idea of other animal 
movements, since the primary phenomena of contraction and 
expansion of living protoplasm are common to both. 

The nucleus of the cell is either karyosomatic, as in the Masti- 
gophora, or contains granules or blocks of chromatin distributed 
in the nuclear sap. Nuclear division is very clearly mitotic in 
some, but the term mesomitosis has been applied to cases such 
as Euglypha, in which the chromosomes and spindle are well 
differentiated, but where the spindle figure is said to be intra- 
nuclear, all stages of the nuclear division taking place within 
the nuclear membrane. 

Ck)ntractile vacuoles and food vacuoles are usually present, 
and sometimes crystals or granules of animal reserve food sub- 
stances, e.g. glycogen, fatty oils, etc. 

Reproduction in the simpler forms, such as Amoebina and 
Heliozoa, is by means of binary fission, preceded by the division 
of the nucleus. In the higher groups, such as the Foraminifera 
and Mycetozoa, ordinary fission is largely superseded by a process 
of spore formation, details of which will be given under the 
separate orders. 

The relationships of the group are on the one hand with the 
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Mastigophora through Rhizomastigina, on the other hand through 
multinucleate amoeboid forms with the Sporozoa Neo- 
sporidia. In higher animals the almost universal occurrence 
of amoeboid cells indicates the primitive character of amoeba- 
like forms, without exactly pointing out any obvious lines 
of relationship. 

Order 1. Rhizomastigina. 

Amoeboid holozoic forms, 
but permanently flagellate, 
possessing also active pseudo- 
podia. The flagellum arises 
usually from a basal granule 
situate on the nuclear mem- 
brane. 

Reproduction is by binary 
fission or by the formation of 
a large number of spores, tbe 
nuclei of which are formed 
from chromatin granules (chro- 
midia) extruded from the 

, - T au — Mattmna ietosa, ghowlng Urge 

motnor nucleus. Jn the course primary nucleus and numerous secondary 

1.1 # nuclei, Ragellum and food particles. rA, 

of the life-cycle two kinds of rhlzoplast of flagellum^ Altered after Gold- 

j , Schmidt. 

spores may be produced : 

agametes producing the adult form directly, and gametss 
conjugating in pairs to form a zygote which grows up to 
the adult form. 

These forms are related obviously to both Mastigophora and 
Sarcodina, but in their nuclear structure and life-cycle they 
approach much nearer the Sarcodina, while still retaining the 
flagellum of the Mastigophora. 

Mastigamoeha Schulze, with long finger>like pseudopodia. Mastigina 
Frenzel. Ectoplasm with hair-like processes. MastigeUa Frenzel. Ni^ed 
ectoplasm. Life-cycle with alternation of generations as above described. 

Order 2. Pbotomyxidba. 

Rhizopod forms with very uncertain relationships. The 
pseudopodia are stiff, radiating, sometimes branching, without 
axile threads, and flagellate stages occur in some forms. Some 
are free-Hving, but .many are parasitic in algae, etc. Some of 
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these forms are related to the Bistadiidae of the Amoebina, others 
to the Heliozoa, and perhaps others to the lower Mycetozoa. 
The families of the order, therefore, may be far from closely 
related, and their correct systematic position can only be deter- 
mined when their life-cycles are more fully known. 

Fam. 1. Helioflagellidae. Flagellate and Heliozoan stages. F.w. and 
marine. Dimorpha Gruber. Ciliophrys Gruber. Actinomonas S. Kent. 

Fam. 2. Zoosporidae* With flagellate and Heliozoan stages ; swarm 



spores described. Paevdospora Cienk. has amoeboid, flagellate and Helio- 
zoan stages ; parasitic in Volvox, etc. 

Fam. 3. Vampyrellidae. With amoeboid and Heliozoan stages, but 
no flagellate stage. In f.w. Nuclearia Cienk. Arachnula Cienk. Vampy- 
rella Cienk. in f.w. algae. 

Fam. 4. Labyrinthulidae. Plasmodium often open, reticulate, formed 
by numerous uninucleate spindle-shaped amoebulae, united by fine fila- 
ments. Labyrinihula Cienk. in algae. 

Order 3, Amoebina. 

Cell bodies either with naked ectoplasm or covered with 
secreted exoskeleton, and possessing the power of extruding 
lobopods, i.e. blunt pseudopodia, either one large one (“ Umax ” 
type) or several Unger-Uke ones (e.g. Amoeba protem). The exo- 
skeleton is simple capsular, either of secreted pseudochitin or 
silica, or with the addition of foreign sand, etc. , particles. Nucleus 
is vesicular with karyosome or with numerous chromatin masse.s. 
Reproduction is by free binary Ussion or by repeated divisions 
within a cyst. Reproduction by agametogony and gametogony 
occiu» in some, and the gametes in these cases are amoeboid. 
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non-flagellate (compare Forami- 
nifera). Freshwater, marine and 
parasitic forms are found, nutrition 
being holozoic. 

Sub-order 1. oymnamobbina. 

Naked amoebae without exo- 
skeleton. 

Fam. 1. Bistadiidae have amoeboid 
and flagellate stages in life -cycle. 
Vahlkampfia Chat ton and L.B. Small 
amoebae, “Umax” type in fluid media, 
transformed on transfer to solid media 
to a biflagellate form. F.w. infusions. 
Paramoeba Schaud. Amoeba with 
peculiar staining body, “ Nebenkem,” 
and flagellate stages, from marine 
aquaria and from Chaetognatha. Tetra- 
mitiLs (? sp.) is said to pass into an 
amoeboid phase in cultures, and if so, 
it, with TrimastigamoebaWlntm.f would 
appear to be related to these Bistadi- 
idae. 

Fam. 2. Amoebiidae. Typical amoe- 
bae with no flagellate stage in Ufe- 



FiO. 18 . — Amoeba proteus, showing 
nucleus, contractile vacuole and 
method ot capture oi food organisms 
by pseudopodium. From Hegner and 
Taliaferro. 



Fig. U.—Eniatnoeba murU. Diagram of lifc-cycle. 1 and 1«, asslon in active phase, ftom 
mouse Intestine ; 2, encystmeut ; 3, division of nuclei within cyst ; 4, cight-nneleate stage 
found in fresh mouse faeces ; 5, probable development of cyst in new host mouse ; 0} 
small amoeba escaped from cyst. Altered from Wenyon. 
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cycle. Amoeba Ehrbg. Numerous spp., e.g. A, minuta Popoff, with 
agametogony and gametogony in life -cycle ; A. proteus Pallas, largo, 
with large nucleus dividing amitotically, formation of agametes from 
secondary nuclei as in Rhizomastigina. Entamoeba Leidy. Parasitic in 
man, etc., with fission in active stage and also in cyst. E, histolytica, 
sometimes pathogenic. E, coli, non-pathogenic. An enormous literature 
exists on the various Entamoebae of man and other animals, and their 
relation to disease (amoebic dysentery). Pelomyxa Greoff. Large multi - 
nucleate amoeba containing rcfractile “ Glanzkdrper ” and bacteroid 
bodies. Gametogony described. In stagnant f.w. 

Sub-order 2. thecamoebina. 

Cell-body enclosed in capsule. Pseudopodia of clear ecto- 
plasm, either finger-shaped or filose. Many of these forms have 



If II spins 

nhsll p*®udopo4 nucleus chromldlai 

body 


FlO. 15 . — Centropyris acuUnta, Diagrammatic sagittal section showing nucleus and chro- 
midial body. Fram Hcgncr and Taliaferro after Root. 



Fio. }^.—Eugli/pha globota. 
Af tsr Hertwig and licsser. 


a mass of deeply staining granules (chro- 
midia) near, and probably derived from, 
the nucleus, and these can give rise to 
secondary nuclei on spore formation, aa 
in Amoeba minuta and A. proteus. Fresh- 
water habitat. 

Arcella Ehrbg., with flat, dome -shaped cup 
sule of pseudochi tin. Two primary nuclei, anc 
secondary nuclei formed from chromidiu 
Difflugia Leclerc has pear-shaped shell witl 
sand grains, etc. C entropy xis Stein. Bilatera 
shell with foreign particles. Euglypha L)uj, 
with shell of secreted siliceous plau^s, pseudo 
podia filose. 
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Order 4. Foraminifera. 

Some of these forms are closely related to the Gymnamoebina, 
but generally speaking they are distinguished by their reticulate 
pseudopodia, Itagellate gametes, and marine habitat, as well as 
by the absence of ordinary binar}^ fission. In its place we find 
alternating cycles of agametogony and gametogony (Fig. 17). 
The formation of complex many-chambered shells of calcium 
carbonate is characteristic of this group, and in many this shell is 
perforated by numerous pores through which the pseudopodia are 
extruded. These foramina give the Order its name. The food, 
diatoms, etc., captured by the pseudopodia are digested in knots 
of protoplasm formed by the flowing together of the pseudopodia 
external to the shell. 

Sub-order 1. monothalamia. 

With single-chambered shell. 

Trichosphaerium Schn. Pseudopodia finger-like, non-reticulate. No true 
shell, but covering of spicules. Alternation of generations with flagellate 
gametes. Marine. Oromia Duj. Shell of pseudochitin, flagellate spores 
(gametes ?). Marine. Lieberkuhnia Cl. andL. Egg-shaped shell, reticulate 
pseudopodia. Freshwater. 

Sub-order 2. polythalamia. 

Usually with many-chambered shell of calcium carbonate, 
reticulate pseudopodia, and flagellate gametes. A widespread 
group, geographically and geologically, containing numerous 
families classified according to shape and arrangement of shell. 
The shells in many species are dimorphic, the two forms being 
distinguished by the size and arrangement of the first-formed 
chamber, which is small in the microspheric form and larger in 
the megalospheric form. These forms correspond to an alter- 
natioji of generations in the life-cycle, the microspheric form 
reproducing asexually, and the megalospheric reproducing sexu- 
ally by the formation of gametes, which fuse to form the zygote. 
This latter secretes the initial chamber of the microspheric form. 
Marine habitat. 

Most Foraminifera are creeping forms living at various depths, 
but the Globigerinidae are plankton for^s with long, slender 
spines which assist in flotation. The skeletons of Foraminifera, 
even plankton forms, are not found at such great depths as are 
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no. 17.— sieholdii, life-cvrle. J, multinuclcatn a<?amont (schizont) 
form with covering of small, neerlle'likc spicules, and with p.scudopodla emerging liom 
socket processes of ectoplasm ; la, division (plasmotoniy) of same ; 2, formation of se\ oral 
Agametea in agamont; 3, lib^'ration of agametes from a/amont ; 4, young gamont 
(sporont) developing from agametc ; 5, multiniirieate gamont with no skeletal spienlos 
and DO pseudopodial sockets; f'a, plasmotomy of gamont : <>, repeated nuclear divisiors 
in gamont ; 7, liberation of resulting Hagellate gametes from gamont ; 8-10, syngainy of 
two flagellate gametes to form zygote (li) ; 12 and 13, zygote forms by repeated nuclear 
division the adult agamont form (1) ; 2 and 3, agametogony ; 6 and 7, gametogony. 
After Schaudlnii. 
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Badiolarian skeletons, as their calcareous skeletons are dissolved 
by the carbonic acid in solution in seawater at great depths. 

Fam. 1. Rhabdamminidae. Single -chambered sheits, never spiral, 
and composed of foreign bodies, sand grains, etc. Rhabdammina Carp., 
straight or forked tubular shell. Aatrorhiza Sandahl, star-shaped. Hali- 
physema Bowerbank, skeleton of sponge spicules. 

Fam. 2. Ammodiscidae. Single -chambered, chalky or sandy imper- 
forate shell, partly spiral. Ammodiscus Reuss. Paammonyx Doderl. 
Cornuapira M. Schultze. 



B 


Fig. ^H.~Tiiloculina depreasa d’Orb. Sections of the shell: A, of the me^zalogpherlc 
form (mofsnloaphcre 200-400 lon>zitii(Jinal ; B, of the niicrospheric form (microsphere 
20 m), transverse. The two terminal chambers are omitted in B. From Lister, after 
Sohlumborger. 

Fam. 3. Spirillinidae. Spiral perforate shells, single -chambered or 
with later developed whorls chambered. Patellina Will. 

Fam. 4. Nodosinellidae. Sandy, irregularly perforate shell, chambers 
arranged on straight axis. This family Rhumbler considers to contain the 
ancestral forms of the higher Polythalamia. Nodulina {Rheophax) Rhum- 
bler. Coarsely sandy, resembling Nodosaria in form. 

Fam. 6. Bliliolinidae. Many-chambered spiral shell, chambers usually 
overlapping, calcareous or chitinous, imperforate. The initial chamber 
of some of these being perforate indicates that they are derived from 
perforate typos. Biloculina d’Orbigny has two chambem visible externally. 
Quinqueloculina d’Orbigny. Five chambers visible externally. Peneroplia 
Montfort. Arrangement of chambers planospiral or at first spiral, later 
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cyclical or rectilinear. A lifo*cycle with alternation of generations has 
been workerl out in this form. 

yam. (). Orbltolitiiae. Shell usually perforate, sandy or calcareous, 
chain) -crs arranged c^^clically. OrhitoLile.'t L irnarck 

-am. 7. Tdxfculariclas. Chambers in two alternating rows, shell 
iiaiinlly perforate, calcareous. Textularia Defranco. 

Fain. 8. Lagenidae. Finely perforate calcareous shells, single-cham- 
bered, flask-shaped with long neck. Lagena Walker and Boys. 



Fie. 19. — Rotalia veneta (nft’r M, Schultze), with a Diatom captiire^l In the network of 

pseudopodia. 

Fam. 9. Nodosaridae, Shells os in Lagenidao, but chambers united 
in a longitudinal row mouth of one opening into next younger and larger 
chamber Nodo^iana Lamarck 

Fam. 10. Rotalidti . Shell perforate, calcareous, many chambered ; 
cha.nbors spirally arranf^ed With only last row visible either on one side 
or on both Rotahrk I. tm.tick and Olobigerlna d’Orhigny, both common 
in ocearuc plankton and deposits and in chalk. Puh^stomeUa Lamarck. 
Life-cycle well worked out by Lister and by Schaudinn. Nummxditca 
Lamarck, includes large fossil species in Eocene limestones, etc. 
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Jrder 5. Mycetozoa. 

Free-living and parasitic Sarcodina forming large plasmodia 
(raultinuoleate amoeboid forma), and in moat, large aporangia 
are formed, containing the reproductive aporea. Reproduction 
by plaamotoray (fission of the j)lasmodium) or by spore formation. 

The young plasmodium is a naked. Amoeba-like form, which 
grows into a plasmodium by continued mitotic nuclear division 
unaccompanied by body fission, and the plasmodium of large 
.si)ecies may l)e one or two square yards in area. Fluid and solid 
bodies arc ingested in a holozoic maiiner, and the food reserve 
formed is the animal carbohydrate, glycogen. 

When subjected to dry conditions, the nuclei collect into masses 
and a cellulose cyst is formed, the “ sclerotium,” which can 
resist drought for as long as three years. 

At certain periods the protoplasm of the plasmodium con- 
I lenses at certain points and sporangia are formed, often supported 
on a stalk. In such a sporangium, besides the spores, which are 
small, uninucleate bodies with a cellulose spore wall, there are 
i-alcareous granules and capillitium threads. These latter, being 
hygroscopic undergo active curling and uncurling movements, 
thus helping to disseminate the spores. The capillitium threads 
are said to be formed from the centrosome apparatus of the 
nuclear division figure. 

The spores on germination give rise to myxamoebae or myxo- 
flagellates, which are probably the gametes. They possess before 
conjugation half the number of chromosomes .found in the zygote 
or in the nuclei of the plasmodium, and there is therefore an 
alternation of diploid and haploid stages as in the soma and 
gametes of higher animals and plants. The zygote with repeated 
nuclear division grows into the mature plasmodium. 

Sub-order 1. acb.\sieae. 

Myxamoebae present, but not myxoflagellates. Sporangia 
without capillitia, spores forming naked mass. Found in animal 
faeces. 

Sappinia Dangeard. ChMvlina Cienk. Dictyostelium Brefeld. 

Sub-order 2. phytomyxineae. 

Myxamoebae and myxoflagellates present. No definite 
sporangium. Cell-parasites of plants. 
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Plasmodiophora Wor, Intracellular parasites in roots of Cruci ferae, 
especially genus Brassica, causing nodules, e.g. “ finger and toe ” disenso 
of turnips, etc. The My xo flagellates, emerging from the spores derived 
from old decayed roots in the ground, penetrate roots of new host when 
they change into myxamoebae. Sorosphaera Schrotor, parasitic on 
Veronica spp., causing tumours. Sporomyxa Leger, in beetle Scaurus 
tristis, Mycetosporidium Leger and Hesse, in Ixsetlo, OliorhynchiLS Juscipea, 

Sub-order 3. myxooasterks. 

Myxamoebae and myxoflagellates present. True sporangia 
formed, often stalked, and containing capillitium and si)orcs. 
Damp, dark situations on bark of trees, etc. 

Tribe 1. exosporeae. 

Spores developed on exterior of sporophores. 

Fani. 1. Ceratioiiiyxidae. Cemtiomyxa Schroetor. 


Tribe 2. endosporeae. 

Spores develoijed in interior of sporangium. 

Legion 1. Amaurosporales. Spores violet, with exception 
of Stemonitidae. 


Sub-legion 1. Calcarineae. Sporangia containing calcium 
carbonate. 



Fio. 20 . — Physanim nu- 
tans (from Lister), a, 
two sporangia ( x 0) ; 6, 
capillitium threads, with 
Itmc-knots attached to 
a fragment of the spor- 
angium wall (x 110). 



Fig. 21 . — Diiumium difformeialiei Lister), 
fl. spore; b, swarin-ccll escaping from 
tne spore-case ; c, newly-hatched swarm- 
cell with nucleus and three vacuoles; 
d, flagellated swarm-cell ; swarm-cell 
with two vacuoles containing bacteria 
and produced at the posterior end into 
pseudopodia; /. amoeboid swarm-cell 
(x 720). 


Fam. 1. Physaridae. Spores violet, sporangium with minute calcareous 
granules. Badhamia Berkeley. Physarum Pers. Fuligo Haller, common 
on tan-bark. Cienkowakia Rost. Craterium Trentepohl. Leocarptu Link. 
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Fam. 2. DidymidM. Calcareous crystals deposited on exterior of 
sporangium. Didymium Schrad. Lepidoderma de Bary. 

Sub-legion 2. Amaurochaetinae. Sporangia without calcium 
carbonate, 

Fam. 3. . Stemonitidae. Sporangia non -calcareous, single. Stemonitis 
Gled. Gomatricha Preuss. Enertheneina Bowm. 

Fam. 4. Amaurochaetidae. Sporangia united to form cm ** aethalium.** 
Amaurochaete Rost. Brefeldia Rost. 

Legion 2. Lamprosporales. Spores not violet. 

Sub-legion 1. Anemineae. Sporangium without definite 
capillitium. 

Fam. 1. Heterodermidae. Sporangium wall membranous, with granu- 
lations. Cribrana i'ersoon. Dictydium Schrad. Lindbladia Fries. 

Fam. 2. Liceidae. Sporangium wall cartilaginous texture. Licea 
Schrad. 

Fam. 3. Tubulinidae. Sporangium wall membranous, without granules 
Tubulina Pers. 

Fam. 4. Reticulariidae. Sporangia fonn an aethalium, walls incom- 
plete. Dictyd iaelhal ium Bioat. Ret cularia BwlL 

Sub-legion 2. Calonemineae. Sporangium with capillitium. 

Fam. 1. Trichiidae. Capillitium forming free elaters. Trichia Haller. 
Oligonema Rost. Hemitrichia Rost. 

Fam. 2. Arcjrridae. Capillitium a network of threads. Areyria Hill. 
Perichaena Frips. 

Fam. 3. Margaritidae. Capillitium of coiled or straight slender hairs. 
Margarita Lister. Dianema Rex. Proioirichia Rost. 

Fam. 4. Lycogalidae. Sporangia forming aethalium, capillitium of 
branched tubes. Lycogala Mleheli. 


Order 6. Hbliozoa. 

Protozoa usually spherical, with vacuolar protoplasm and 
long, stiff filose pseudopodia (axopodia). The nucleus forms 
definite chromosomes on division, and the centrosomes are 
especially clear. Reproduction is by ordinary fission and 
reproductive swarm spores. Syngamy and autogamy (self- 
fertilization of a cell) have been described. Mode of nutrition 
is holozoic. Habitat, f.w. and marine. 

The very vacuolar protoplasm gives the appearance of a 
foamy structure to the cell, and the stiff, radiating pseudopodia 
which project radially from the spherical body are stiffened by 
an axile scleroplasmatic thread of modified protoplasm. The 
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axile thread, which can be retracted into the cell body, arises 
from the endoplasm, while the outer layer of the axopodiinn 
is derived from the ectoplasm and exhibits streaming move- 
ments. The food organisms — ^Protozoa, Rotifers, etc. — are 

caught and 
paralysed by 
the pseudo- 
podia, and 
drawn into the 
cell-body. 

The nuclear 
apparatus is 
interesting in 
showing vari- 
ous degrees of 
independence 
of the cen- 
trosorae in re- 
lation to the 

FlO. 22. — Optical section through portion of the body of Acti- niiplpim T n 
nospha^ium eichhornii (after Hertwig and Lesser). N, one of 
nuclei in endoplasm from which the vaciiolatised ectoplasm is A r f 'i n nnhr'n^ 
clearly distinguishable In the centre of the pscudopodia the F if 

axial fibre is visible. the centrosomo 

is in the centre of the nucleus and only moves out of it when the 
division spindle is forming. In Acanthocystis during the rest- 
ing phase the centrosome is separate from the nucleus and 
occupies the centre of the cell body, while from it radiate out 
the axile threads of the axopodia. On the commencement of 
nuclear division the centrosome divides into two in the usual 
way, and the nuclear division spindle becomes arranged between 
the tAVO. As a further stage, we have Wagnerella, in which tlic 
centrosome again occupies the centre of the radiating system 
of axile threads in the head, which is stalked, while the 
nucleus has moved down during the resting phase of the cell 
to a position at the base of the stalk. 

During the ordinary binary fission process many of the Heliozoa 
show remarkably well-formed mitotic figures. Besides ordinary 
fission, reproduction may take place by the production of flagellate 
swarmspores, but it is uncertain whether these are agametes or 
gametes. In Actinophrys syngamy follows conjugation of two 
holo-isogametes, while in the multinucleate Actinoaphaeriam 
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R. Hertwig described very fully encystation of single individuals, 
followed by autogamy of two sister nuclei, the only case of auto- 
gamy so far known in the Protozoa. 

The relationships of the group with the Protomyxidea are 
clear, but the Heliozoa show an advance in the differentiation 
of nucleus and centrosome. 

Sub-order 1. apheothoraca. 

Naked floating forms without skeleton. 

Actinophrys Ehrbg., uninucleate, f.w. and marine. Actinotphaerium 
Stein, large multinucleate form, f.w. Camptonema Schaud., marine. 

Sub-order 2. chiamydophoba. 

Forms with gelatinous test, often with embedded foreign 
particles. 

Lithocolla F. E. Schulze, test of fine sand particles. Sphercutrvm Greeff, 
with gelatinus test, forms colonies of 20-30 individuals. 

Sub-order 3. chalabothobaoa. 

These forms secrete skeletons formed of loose siliceous spicules. 

Rhaphidiophrys Archer, in f.w. Acanthocyatia Carter, f.w. and marine. 
Wagmrdla Mereschk, marine stalked form, with alternation of generations 
and swarmspores. 


Sub-order 4. dbshothobaoa. 

The skeleton is siliceous and consists of a spherical perforated 
test on a stalk. 

Clathrulina Cienk., f.w., biflagellate swarmspores described. 

Order 7. Badioiabia. 

Marine plankton Protozoa, holozoic, with often very complex 
siliceous skeletons. The cell-body is usually spherical, with a 
pseudochitinous central capsule, which encloses the nucleus. 

The Badiolaria are a specialized group of the Protozoa, chara- 
terized by their central capsules and siliceous skeleton. lake 
the Heliozoa, they possess very vacuolated protoplasm with 
large alveoli, containing in some a jelly-like substance, the 
“cal 3 ^ma.” The pseudopodia are radiating and branched, 
with axilc threads. In the centre of the cell-body is the 
pseudochitinous central capsule, which encloses the nucleus 
and the iutracapsular cytoplasm with oil globules, and which 

D 
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is perforated by either a system of pores or larger oscula. The 
nucleus is large, and on division shows numerous long, thread- 
like chromosomes resembling those of Dinoflagellata. Zoo- 
xanthellae or symbiotic green cells, either Cryptomonads or 
Dinoflagellates, are present in large numbers in the extra- 
capsular cytoplasm. “ Myophriska ” or tangentially arranged 
contractile fibrils are arranged around the base of the radiating 
spicules in some groups, and may serve to vary the spherical 
area and density of the cell-body. 



The skeleton, which is so characteristic of this Order, is always 
internal, and may take the form of radiating rods, or of a per- 
forated, helmet-shaped lattice- work, or a series of concentric 
spheres connected together by radiating rods. The material 
is usually silica, but in the Acantharia is said to consist of stron- 
tium sulphate. 

When binary fission takes place, the nuclear aivision figure 
much resembles that in the Dinoflagellata, but the more complex 
forms may have lost this power of dividing and may reproduce 
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onlj' by means of swarm-spores. When these swarm-spores are 
about to be formed, the nucleus divides up repeatedly to form a 
large number of small nuclei, and these become the nuclei of 
the sporoblasts, which in their turn form each several spores, 
either iso- or anisospores, the former containing a crystalloid of 
some organic substance. Here again it is not certain whether 
both gamete and agamete zoospores are produced, and it is 
suspectsd that in some cases th® symbiotic algal cells have 
been mistaken for spores of the Radiolarian. 

Colonial forms are formed by repeated divisions of the nucleus 
and of the central capsule taking place without body fission. 

The Radiolaria are typically plankton forms of tropical and 
sub-tropical seas, though a few occur in the colder regions. 
Although the skeleton forms have been well studied, much further 
knowledge is required concerning their life-histories. Radiolaria 
are found fossil from the Carboniferous formation upwards, 
but especially in Tertiary sandstones of Sicily, Barbados, etc. 
Most of the recently e.xisting groups are represented, but in 
Barbados earth the Monopylea are specially numerous, while in 
Sicilian material Sphaerellaria are more plentiful. From this 
it would appear that the former is a deep-water and the latter 
a shallow-water deposit, as Monopylea are characteristic of 
deep-water dredgings, as Peripylaria are of more shallow depths. 

Sub order 1; perepylaria (porulosa). 

The central capsule is perforated by many fine pores, uniformly 
distributed. The skeleton is either absent or consists of scattered 
spicules or lattice-work sphere. 

Legion 1. Sphaerellaria. Solitary forms with spherical shell 
of siliceous lattice-work. 

Cenosphaera Ehrbg., Stauroaphaera HkL, Druppvla Hkl., Archidiscut 
Mkl., Cenolarcua, Hkl. 

Legion 2. Folycyttaria. Colonial forms with many central 
capsules embedded in jelly. Central capsule multinuoleate. 
Naked or with skeleton of spicules or lattice-work sphere. 

Collozoum Hkl., Sphaerozoum Meyen., CoUoaphaera J. MOIL 

Legion 3. C!ollodaria. Solitary forms with uninucleate 
capsule. Calymma or extra-capsular gelatinous layer well 
developed. Skeleton absent or spicular or spherical. 
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ThalattieoUa Hkl., 
Oroteena Hkl. 


ThaUuaophyaa Hkl., Thalaaeothamnua Hftckor, 


Sub-order 2. actx- 

. PYLEA (ACAITTHAB14). 

l| / Central capsule with 

\ II pores in groups. 

/ x Skeleton usually of 

spicules (strontium 
sulphate ?), twenty in 
‘ - number, arranged 

radially according to 
‘‘ Muller’s law ” in five 
regular zones, four in 
X * each zone. These zones 

are arranged at 30° 
' ^ interval from the equa- 

tor of the sphere, thus 

Pia. 24. — Cenoiphaera (Heliotpliaera) echinoidet. After equatorialj 

B. Haeckel. _ equatorial 

and two sub-polar zones. Further, if projected on the plane 
of the equator, the sub-equatorial spines would lie between the 
equatorial ones, at 46“ from these, and the sub-polar spines 
would lie immediately on the equatorial ones. 


Aeanthometron J. MiUl., 
Sphaeroeapaa Hkl., Than- 
eaapia Hkl., Actineliua Hkl. 

Sub order 3. mohopylea 

(NASBLIiABIA). 

The thick-walled cen- 
tral capsule has one main . 
opening, generally with 
porous membrane. Skele- 
ton of siliceous spicules 
and lattice - work, the 
latter consisting of tripod, 
capitulum and ring, these 
occurring separately in 
some foarms, together in 



others. 

Ncusella Hkl., Plagiacan- 
tha Clap., LithoctreuaJ. Miill. 


Fio. 2h.-<JyrioealpU urceolu% Ha^ck, a Monopylean 
Kidiolarian, showing oval central capsule with per- 
forated opening (podoconus), nucleus, oil globules 
symbiotic algal cells, and pseudopodia. After Haeckel* 



SASCODINA $7 

Sub-order 4, teipyxea (phakodasia). 

The central capsule typically has three openings or osoula, 
one main basal one and two subsidiary sub-apical ones (Fig. 26). 
The skeleton is of radiating spicules, often hollow, or is helmet- 
shaped. 

The main opening of the central capsule is known as the astro- 
pyle, and is covered with a radially striated cover, which sometimes 



Fio. za.—AvUuiinium aetinaiitrum. A complete gpeclmen seen In optical lecthm. The 
spheroidal central capsule has a double membrane and three openings, two lateral para- 
pylae (pp) above and one astropyle (ap) below, with a radiate operculum, n, one of the 
two hemispherical nuclei: pA, phaeodium ; ca, calymma with numerous law alveoli; 
r, hollow radiating spicules. From Haeckel. 

is prolonged into a tube. This astropyle is surrounded by a mass 
of dark granules (phaeodium). The two accessory openings 
present in some are called parapylae. The skeleton is very varied 
in form, consisting either of hollow spicules, sometimes branched 
at their outer ends, or of a helmet-8hai)ed shell, the opening of 
which is on the astropylar side of the central capsule. 
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Aulacantha Hkl., Aulactinium Hki., Atdospkaera Hkl., Oircoporvs 
HkL, Challengeron J. Murr., MedtiseUa Hkl., ConcJiarium Hkl., Coelo* 
dcndrum Hkl. 

Class in. SPOROZOA. 

Purely parasitic forms, characterized by intense potvers of multi- 
plication by meam of spores. These spores are formed either daring 
the life-cycle cf the parasite in the host, in which case the adult 
form is a plasmodmm, or at the eml of the Ufc-cycle in the host, 
and in these forms the adult stage is a trophozoite with constant 
body form and often with thick cuticle. 

These form a very heterogeneous group, some of the members 
of which show relationships to quite different classes, so that 
the two sub-classes would be ranked as classes w^ere it not that 
these sub-classes themselves contain forms with apparently 
widely different relationships. 

Sub-clas3 I. TELOSPORIDIA. 


Inira- or extra-cellular parasites ivith typical sporozoite stage 
{slender, spindle-shaped, motile, infective form) in life-cycle, Sexual 



process (fusion of spe- 
cialized gametes) and 
syngamy is followed by 
spore or sporozoite for^^ 
mation at end of vege- 
tative life-cycle. Forms 
with flagellate rela- 
tionships. 

Order 1. Gregari- 

KOIDEA. 

AduU stage (tropho- 
zoite) is extra-cellu- 
lar. Oametogony phase 
may be aniso- or iso- 
gamous, but is always 
extra-cellular. 


no. 27. — Qregarines. a, Pyxinia mobunri L4gcr and 
Dub. ; b, Pteroeephalua giardi JAg. ; c, Stylorhynchus^ 
a88(^iatioii of two pamonts ; d, Stylorhynckus longi- 
cMis F.St., tropho/oltc with epimerite ; e. ditto, 
ttmont after loss of epimerite ; /, Stylorhynchus 
(ongieoUi^, first nuclear division In gtunont, to form 
gametes ; g. S, obhngaiue. formation and swarmiiip 
of gametes (anisoga metes in this species) : h-n, S. 
longieoUii : — h 9 gamete and i S gamete ; it, f, fusion 
of game^ ; wi, n, sp orozoite formation in spore, 
a, after I^r and Duboseq ; b, e, f-n, after iJger; 
d,#, after Schneider. 


The fully formed 
trophozoite has a firm 
cuticle and may show 
division into three 
incomplete segments, 
the epimerite or fixing 
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oigan, prolomerite and deutomerite, the last containing the 
nucleus. Nutrition is by absorption of host fluids through 
the cuticle, as in Cestoda. The endoplasm contains numerous 
I>araglycogen granules, and is covered with a thick cuticle. 
Locomotion, which is slow and ci^ping, is effected by the 
extrusion of granular sticky threads at the posterior end. 
Two or more individuals can form a chain, each connected to 
the one behind by the slimy secretion, and this peculiar 
association is termed “ syzygy.” Later, two associate to fonn 
a cyst (Fig. 27), in which each (now called the gamont or 
gametocyte) undergoes repeated nuclear division and finedly 
division of the cell-body into numerous gametes. Cysiobia 
Ming., Diplocystia Kixnstler and Diplodina Woodc. exhibit 
“ neogamy,” i.e. precocious association of gametocytes. In 
most forms the pair of gametocytes, although similar in 
appearance, are really male and female, since they produce 
markedly different gametes, either micro- or macrogametes. 
In a few cases the fusing gametes are similar, iso-gametes. 

The gametes fuse in pairs, one from each gametocyte, and thus 
numerous zygotes (sporoblasts) are formed within the mother cyst. 
The nucleus and cytoplasm of each zygote or sporoblast divide 
up within a secreted spore wall to form usually eight spindle- 
shaped sporozoites, which are the infective forms in a new host. 
The spores are lil)erated from the cyst by dehiscence of the latter 
or by definite sporoducts. 

Clear mitotic figures are formed during the divisions of the 
gametocytes, and according to some a meiotic or reduction divi- 
sion takes place at this stage. Later iuscoimts, however, have 
shown that in some forms at any rate the organism is haploid 
during its life-cycle, the only diploid stage being the i^gote 
before its first division, this being the reducing or meiotic division. 

The Gregarines are intestinal and coelomic parasites of Inverte- 
brates, especially Arthropoda and Annelida. 

Sub-order 1. KVOBsaABiNABiA. 

Typically ovpid or cylindrical trophozoite. In the Ufe-oyole, 
association of gamonts is followed by gametogony, producing 
large numbers of spores, but there is no agametogony or whizQ- 
gony. 
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Legion 1. AoepbaliiUU Epimerite and protomerite not 
developed. Usually coelomic parasites in Annelids, etc. 

Monocystis Stein. Several spp. common in seminal vesicles of earth- 
worms. Early stages intra-celhiiar in spermatogonia of host. Lankeateria 
Ming, in Ciona alimentary caned ; young stages in tra- cellular. Doliocyatis 
L^ger and Qonoapora Schn. in Polychaeta. Uroapora Schn. in Nemer- 
tinea, Sipunculids, etc. Kcdpidorhynchua Cunn. has epimerite like the 
Cephalina, but characters of sporocyst, etc., show it to ^ related to Uro- 
apora, etc. 

Legion 2. Cephalina. Epimerite and protomerite well 
developed. Usually intestinal parasites of Arthrox)ods. 

Fam. 1. Gregarinidae. Simple epimerite, cyst often with sporoducts 
Oregarina Dufour, spp. in beetle larvae, cockroaches, etc. 

Fam. 2. Stenophoridae. With intra-cellular stage, rudimentary epi- 
xnerite. Stenaphora Labb^. 

Fam. 3. Didymoph3dda6« Peculiar tripartite form in syzygy. Didy- 
tnophyea Stein. 

Fam. 4. Daotylophoridae. Epimerite of root-like processes pene- 
trating host cells. Echinomera Labb4 in Lithohim Jorficaitia, Fterocephalua 
Schn. in Scolopmdra cingulata. 

Feun. 5. Actinocephalidae. With symmetrical large epimerite. Ani- 
Bogamy well marked. Pyxinia Hammerschm., with long, proboscis -like 
epimerite, in Dermeatea larvae. Taeniocyatia L4ger, with annulate tropho- 
zoite, in CercUopogon aolatitialia, Corycella Ldger in Gyrinua natator, 

Fam. 6. Stylorhsmohidae. Elongate forms with long protomerite. 
Stylorhynchua Stein in beetle larvae, e.g. Blapa, 

Sub-order 2. scHizoGRKGAEnfABiA. 

Trophozoites vermicular or plasmodium-like. Agametogony 
or multiple fission occurs in trophozoite stage, as well as associa- 
tion of gamonts and gametogony as in Eugregarinaria. 

Ophryocystis L4ger forms only one zygote in cyst ; in beetles Tenebrio 
and Blapa. Schizocystis L^ger in CercUopogon. Selenidium Giard in Anne- 
lida, etc. Poroapora L^ger, large, worm-like forms with alternation of 
hosts, agametogony with “ gymnospores ” in lobster, and gametogony 
in mussel, but this genus may be a Eugregarine. 

Order 2. Coccidioidba. 

Adult stage (trophozoite) usually mfm-cellular, as is game- 
togony, which is markedly anisogamous. Alternation of genera- 
tions and, in some, alternation of hosts. 

Sub-order 1. proooccidia. 

Trophozoite earfm-cellular, agametogony intra cellular, 
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Selenococcidium intermedium L^g. and Duj., from lobster has vermicular 
trophozoite, which undergoes nuclear division extra- cellularly, then aga- 
metogony intra- cellularly. The yoimg agametes form gamonts, which give 
rise to gametes of the oocyte and spermatozoid forms seen in other Coccidia, 
while the trophozoite and type of agametogony are points of resemblance 
to Schizogregarines. Apparently intermediate form between Gregarinea 
and Coccidia. 

Sub-order 2. eucoccidia. 

Trophozoite stage, agametogony and gametogony all intra- 
cellular. Parasites usually of alimentary organs. 

The typical life-cyclc as worked out by Schaudinn for Eimeria 
(Coccidium) schuhergi, a parasite in the gut of the centipede, 
Lithobius forficaius, is shov^m in Fig. 28, which forms a better 
introduction to these forms than any verbal description, but the 
explanations of the nuclear phenomena have been altered in 
accordance with results of later work. 

Fam. 1. Eimeriidae. No association of gamonts before fertilization, 
and gametes undergo development separately. ■ 

Sub-fam. 1. Crjrptosporinae. No separate spores, four sporo- 
zoites in oocyst. Cryptosporidium Tyzzer, extra-cellular on peptic 
glands of mouse. 

Sub-fam. 2. Cyclosporinae. Oocyst contains two spores, each 
with two sporozoites. Spore formula may be expressed as 0.2.2. 
Gyclospora A, Schn., spp. from myriapod and mole. 

Svib-fam. 3. Caryosporinae. Oocyst has one spore with eight 
sporozoites, i.e. spore formula = 0.1.8. Caryospora L^ger in viper. 

Sub-fam. 4. Isosporinae. Spore formula 0.2.4. Isoapora A. Schn. 
in snake, cat, man, etc. 

Sub-fam. 5. Eliineriinae. Spore formula 0.4.2, Eimeria A. Schn., 
several spp. in various animals, e.g E. achubergi in LUhohiua forjicatua, 
E. atiedae in rabbit. 

Sub-fam. 6 . Barrouxinae. Spore formula O.n.l., i.e. oocyst 
contains numerous spores, each with one sporozoite. Barrouxia 
Schn. in Myriapoda. 

Sub-fam. 7. Caryotrophinae. Spore formula O.n.n. Multiple 
agametogony and multiple gametogony of male gametocyte. Caryo- 
tropha Siedl. in Polychaeta. Kloaaiella Smith and Johnson in mouse 
Iddney. 

Sub-fam. 8. Angeiocystinae. Spore formula 0.4.30 (?). Angeio* 
cyatis Brasil in Polyche^eta. 

Fam. 2. Aggregatidae. Forms with alternation of generations and 
alternation of hosts, gametogony as in Eimeridae, but no repeated aga* 
metogony. 

The process of agametogony which takes place in crabs (e.g. Portunua) 
produces cysts (agamonts) with several sporoblasts, each containing many 
agametes (sporozoites). The agamete ingested with the crab by Cephalo- 
poda (e.g. Sepia) develops into a gametocyte, from which is formed either 
a macrogametocyte or microgametocyte. The latter forms many micro- 
gametes by a peculiar multipolar mitosis. After fertilization of the macro- 
gameto this becomes an oocyst, in which n sporoblasts are formed, also 
by multipolar mitosis, and each spore has four or more sporozoites, Tliese 



42 


PROTOZOA 




Fig. 28. — A, Eimeria {Cocddinm) Ufe-cyclc, diagrammatic, altered from Schaudinn. 
Sporozoite (1) enters host Intestinal cell epithelium, grows (2 and 3) to adult tropho- 
loite (4) in twenty-four hours. This, now called aoamont or schizont, forms by agame- 
togony (schizogony) numerous againetes or merozoites (5), which Infect new host cells 
as in (1). After five days of this agnmetogony, the last generation of merozoites (6) 
(fewer in number than the other generations, and possessing a flagellum in E. ztiedae) 
form gamonU (gametocytes) (7-8a). The microgametocyte (8) has granular cytoplasm 
With littie food reserve material and a large nucleus. The meicTogametocyte (8a) has more 
alveolar cytoplasm with food reserve material and a smaller nucleus. The macrogameto- 
cyte nucleus expels part of its karyosome material (9a), while the microgametocyte 
nucleus forms many secondary nuclei by condensation of cbromidia derived from the 
primary* nucleus. These nuclei form microgametes (9), one of which fertilizes (10) the 
fnacroga7n«t4(, which then forms (11) a reduction spindle and fertilization membrane, 
the latter forming the hard, resistant oocyst wall. At this stage the oocyst passes 
out from the host, and by division of the zygote? nucleus (12) four sporoblaete are formed 
in the oocyst (13). Each sporoblast forms a spore wall and divides into two sporozoites. 
leaving a little residual protoplasm ( 14). These spores constitute the infective stage, and 
under the influence of a new host’s digestive Juices split into two valves (16), and set free 
the sporozoites to begin the life-cycle again at (1). 

B Adelea ovaia, fertilization. 1, Microgametocyte attached to macrogametocy te ; 
dlTlsion of microgametocyte nucleus to form four microgametes, expulsion of macro- 
fametocyte teryosome ; 8, one microgamete has entered the macrogamete, which is 
lorming a reduction spindle ; the remaining three microgametes will degenerate. After 
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in the faeces of the Sepia arc inj^osted by a crab, recommencing the life- 
cycle. A(j(jregata Frenzel, with life-cycle as above. 

Fam. 3. Adeleidae. Precocious syzygy of gamonts before maturation 
and fertilization (Fig. 28, B). The microgamotocyto is much smaller than, 
and becomes attached to, the macrogametocyto. Usually only four micro- 
gametes are formed. 

8ub-fain. 1. Legerellinae. Spore formula 0.0. 30-40. Legerella 
Mesnil from Glomeris^ millipede. 

Sub-fam. 2. Adeleinae. Spore formula O.n.2-4. Adelea A, Schn. 
in gut of centipedes, insects. Klossia A. Schn. in kidneys of snails. 
Orcheobius Schuberg and Kunze, in leech Herpobdvlla. 

Sub-fam. 3. Haemogregarinae. Spore formula various. These 
forms show a Coccidian-like development in their life-cycle, but 
are parasites of the blood corpuscles in Vertebrates, and have an 
alb'rnation of hosts accompanying the alternation of asexual and 
sexual cycles. The asexual agametogony cycle is in a Vertebrate 
and the sexual garnotogony, etc., is in the Invertebrate transmitting 
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f’KJ. 20 . -~~7ftfrmn(jregnrina stepanowL 1 and 2 from kech ; 3 from ]>onc marrow of tortoise. 
J, fimitwi of inicrni^ainctocyt.c and marro«aini'tocytp, one of tlu* ndcroKametos having 
entcrod tin* m.uTojiami'to ytc. ^ k\ ? k\ mlcrogamctc and niacrogamete nuclei ; 2, 
zy«()t<* witli fertilization spiinih* and three deaener.ating inierogainete nuclei; 3, aga- 
luctogony (sehizogony) iu red blood corpinele of tortoise. After Keicheuow. 

host. These forms repre.sent an intermediate stage between Cocci- 
diaria and Maeinosporidia, and were formerly classed with the latter. 
The fertilization, however, exactly resembles that of the Adeleinae, 
and they must bo regarded as Coccidiaria slightly modified in response 
to their different habitat, the blood, the chief modification being the 
non-developing of a resistant oocyst, all stages being passed inside 
the body of a host. 

Wliether the Haemogregari no.s were originally parasites of Inverte- 
brates or of Vertebrates is more difficult to decide than in the case 
of the blood fiagollatos, Tryimnosomidao. On the one hand, 
Cocci<lia are w’ell established in Vertebrates as ti&suo parasites and 
might have invaded the blood ; on the other hand, tlie important 
sexual pha.se takes place in the Invertebrate host, and that might 
indicate that the Invertebrate was the original host. However, 
as Dr. Woodcock has pointed out to me, there are very few Coccidia 
in luvortobrates and none in blood-sucking insects, so that the balance 
of evidence is in favour of a Vertebrate source for the Haemogre- 
gari no.s. 

Hneynogrcgarlnn Danil. spp. in rod blood corpuscles of fish, reptiles, 
etc. Spore formula O.0.2~8. Transmitting hosts are leeches, ticks, 
etc. Labbe in reptiles. Spore formula 0*0,20-30. Hepa- 
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iozoon Miller in white blood corpuscles of rats, etc. Spore formula 
0.30-100.16, oocyst very large. Lankesterella Labb6 in red blood 
corpuscles of amphibia. Sexual cycle probably in tick. 



Fig. 30. — a, Baemofjrecarina in red blood corpuscle of Lepidoairen-, b, H. stepnnowi, 
nuclear division in aainiiont; c, Karyolysus lacertarinn Oan. ; d, llepnlozoon cams (Janus) 
Oocyst, a, Orig. ; after Keichenow; c, after LiblK^ ; d, after Weiiyon. 


Order 3. Haemosporidia. 

Intra-cellular blood parasites of Vertebrates, with sporozoites 
free, not in spores, zygote a motile ookinete. 

Agametogony and gametogony take place in the blood cells 
of the Vertebrate host, but fertilization is completed only when 
the blood is taken iii by the Invertebrate host. The gamete.^ 
are markedly anisogamous, a large macrogamete and very small 
flagellate raicrogametes. Fertilization resemble.s that in the 
Eimeridae, contrasted with the Adelean type of fertilization in 
Haemogregarinae. 

While the Haemogregarinae are true Coccidioidea parasitic in 
the blood, the Haemosporidia are more specialized blood parasites 
which have retained some Coccidian characteristics (Dotlein). 

Fam. 1. Haemoproteidae. Pigmented sausage -shaped parasites of 
avian red blood corpuscles, Agametogony in internal organs, not in 
peripheral blood. Zygote or ookinete in Invertebrate is motile, and is 
infected back again to Vertebrate without further multiplication. 

Haemoproteus Krause. Spp. in various birds, with agametogony in 
lungs, etc. Gamonts in peripheral blood exhibit characteristic “ Halteri- 
dium ” form, partly enclosing the nucleus of the host erythrocyte. Ferti- 
lization in secondary transmitting host, e.g. parasitic Diptera, Culex, etc. 
Zygote is motile ookinete, and without sporogony is infective to bird host. 

Fam. 2. Lencooytozoidae. Similar to Haemoproteidae, but unpig- 
mented, emd parasitic in leucocytes. 

Gamonts in leucocytes of peripheral blood of birds, etc. These develop 
in vector (e.g. Orniihoimyia, a Hippoboscid fly), and fertilization results 
he formation of an ookinete, of which the further development is not 
vm. Agametogony occurs in internal organs of the Vertebrate host, 
in the bone-marrow. 
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Fam. 3. Plasmodidae. Amoebula-like blood parasit-es of birds> 
reptiles, mammals, with well-marked agametogony cycle iii red corpuscles 
of peripheral blood. Fertilization in Invertebrate host produces zygote 
ookinete, which becomes transformed intj oocyst in Invertebrate gut 



wall, and after intensive sporogony produces numerous sporozoites, which 
are infective to the Vertebrate host. 

Proteosoma Labb6. Trophozoite and agametogony in erythrocytes of 
birds ; sporogony in oocysts in intestine wall of Cuiex, etc. 

Plasmodium Marchiafava and Colli. In blood of mammals and in 
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intestine of transmitting mosquito. Anopheles. This genus includes the 
best-known Protozoan parasites of man, P. praecox {Laverania mnlnriae) 
of malignant subtertian, P. vivax of benign tertian, and P. malariae 
of quartan malarial fever. These, as agents of 
malaria, have given rise to an enormous literature. 
The agametogony cycle is completed with groat 
regularity every 48 (tertian) (though irregular in 
subtertian) or 72 (quartan) hours, and the liberation 
of the agametes or merozoites into the blood, to- 
gether with their excretory products and the black 
pigment haemozoin, derived from the haemoglobin 
of the corpuscle, coincides with the onset of 
the fever paroxysm and high temperature in the 
patient. 

Haemocystidium Castellani and Willey in reptiles. 
Achromaticus Dionisi in bats. 

Fam. 4. Piroplasmidae. Blood corpuscle parasites 
with unpigmonted trophozoite in mammalian erythro- 
cytes and ookinete (?) stage in transmitting agents, ticks. 

Piroplasma. Trophozoite divides by fission in erythrocyte, doubtful 
gametes and ookinete stage in ticks. Spp. in dog, cattle (“ red water 
fever”), and other domestic animals; secondary hosts .are ticks — Ixodes ^ 
BoophiluSf etc. 

Theileria Bettencourt, Franca and Borges. Only gametocytes are found 
in [>eripheral blood of cattle (these are non-infective to other cattle), but 


a b 



Fin. S2.-—Prote 0 8 oma 
praecox (Grassi and 
FelettI) from the 
blood of a finch, a, 
fully RTown agamont; 
h, division of agamont 
into agametes. After 
Labbci. 



1 Z 3 'h 5 

Fig. 3.1 . — Piroplasma eanis. Division by fls.sion, in rctl blood corpuscles of dog. 5 shows, 
infection of another blood corpuscle by one of the products of ilssion- agametes. After 
Nuttall and Graham-Smith. 

agametogony occurs free or intra-cellularin spleen. Thus the spleen pulp 
contains forms infective to other cattle. l^lood forms (gametocytes) 
develop only in tick {Rhipicephalus)^ in which, after fertilization, the 
ookinete undergoes sporogony, the infective sporozoites pass to the salivary 
glands of tick, and thence back to Vertebrate. Cause of East Coast cattle 
fever in Africa. 

Toxoplasnm Nicolle and Manceaux. Blood parasite of rodents, gundi 
and rabbit, with longitudinal fission in leucocytes or free in blood, and 
agametogony in lung and liver cells. Gametogony and transmission 
unknown. 


Sub class 2. NEOSPORIDIA. 

S'poTOZoa with lihizopod relaiiomhipsy the trophozoite a multi- 
nucleate Plasmodium^ spore formation taking place during continu- 
ance of vegetative life. 
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Thene forms are of uncertain inter-relationships, and the only 
characters common to all of them are the amoebula stage and 
the faculty of more or less continuous spore formation during 
vegetative life. They are here divided into five Orders, of whieh 
the last three (Microsporidia, Myxosporidia and Actinomyxidia) 
were placed together by many authors as Cnidospoiidia. 


Order 1. Haplosporidia. 


Trophozoite stage forms plasmodial cysts in Invertebrate 
tuisue-s. Spores without polar capsule, often with thread-like 
outgrowths. Forms with Mycetozoan affinities. 



FlO 34. — Maploaporulium htUrocirri. A.lntestinal epitheltum of Pol.vchaete HeUrocirrua 
viridit, showiim stages In development of HaplotporUlium heteroeirri ; B, spores of H., 
heUrocirri. Alter Caullery and Mesidl. 


A uninucleate amoebula emerges from spore and forms, by 
repeated nuclear divisions, a multinuclcate plasmodium. This 
divides to form sporonts (or pansporoblasts), each of which divides 
into 1-4 sporoblasts, and these each form a uninucleate spore 
directly. The method of infection is unknown, but the spore is 
supi)osed to liberate, in a new host or in a new part of the same 
host, the uninucleate amoebula which commences the life-cycle. 
According to some accounts there is a pairing of nuclei in the 
]tlasmodium to form binucleatc pansporoblasts, and on division 
of the pair of nuclei one of each pair goes to the resulting sporo- 
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blast, two sporoblasts being formed in each pansporoblast. 
After a further nuclear reduction, this sporoblast forms the spore 
directly. This would be a process of autogamy, inasmuch as 
the plasmodial nuclei are all derived by division from the original 
one of the uninucleate amoebula. It has been argued that most 
of the so-called Haplosporidia are really either Microsporidia or 
( 'hytridineae or of unknown relationships, and in support of the 
first suggestion spores of Thelohania (a Microsporidian) have been 
described with filamentous appendages resembling those found 



3 4 5 6 



Fig. 85 . — Coelosporidium periplanetae. 1, Plasmodium with gametes ; 2, plasmodium with 
zygotes, each containing two gamete nuclei ; 3, young binuclcate spore ; 4, four-nucleate 
spore ; 5, disintegration of the two “ reduction'* nuclei ; 6, spore with zygote nucleus, and 
remains of “ reduction ” nuclei. After Swarezewsky. 

in Haplosporidian spores. In view, however, of the absence of 
a polar capsule or thread in Haplosporidium, etc., it is better 
at present to retain the Order Haplosporidia. 

Haplosporidium Caull. and Mesnil, spp. in marine Annelids. 

Bertramia Caull. and Mesnil, in worms and Rotifers. 

Ichthyoeporidium Caull. and Mesnil in fish. 

Codosporidium Crawley, in Malpighian tubules of cockroach. The extra- 
cellular plasmodium forms binucleate spores in which syngamy has been 
described. 

Rhinasporidium Minch, and Fantham in nasal septum of man. Cellulose 
is formed in the sporangium (plasmodium) wall, and spores are liberated 
by rupture of this wall. See below. 

lehlhyophonvs Hofer in marine fish and Salmonidae. Forms mycelial 
strands in cultures and with Rhinosporidium is related to Chytridineae 
amongst the Phycomycetes, but without the flagellate zoospores of these 
latter. 
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Order 2. Sarcosporidia. 

Trophozoite parasitic in muscles of Vertebrates as a plasmodial 
cyst, in which crescentic spores without polar capsules are 
formed. 

The cyst has crowded sj^wroblast cells at periphery, where 
intensive nuclear division takes place, and matime spores are 
formed towards the centre of the cyst. Artificial infection by 
feeding experiments successful in mice, etc., but method of 
infection in sheep unknown. 



Fig. 36 . — Sarcocystis miescheriana. Section through peripheral part of cyst. eh.$v, 

sporoblast chambers ; cf, partitions between chambers ; m, muscles of host ; spore ; 

to, connective tissue of host. After Alexeieff. 

The nuclear structure in Sarcocystis is much in dispute, and 
it has been stated by one worker that the sporoblasts and spores 
are degenerated nuclei of the host muscle cells. 

Sarcocystis Lankester. S. miescheriana in pig, 8. muris in mouse, 
S. tenella in sheep, etc. 

Order 3. Microsporidia. 

Parasites of Invertebrates, especially Arthropods. The plas* 
medium or cyst forms numerous spores, each spore having a 
single polar capsule containing a long extrusible polar thread. 

The active uninucleate amoebula from spore infects host 
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cell and forms by division either a cyst or a number of separate 
sporonts, each of which may form 1-8 spores. These each con- 
tain a spore nucleus, one or more chromatin dots, and a large 
vacuole (the polar capsule), in which is a coiled-up polar thread. 
This can be extruded by the action of the host’s digestive juices 
or by certain reagents. Two kinds of spores, micro- and macro- 
spores, are formed in some species, and the spores of certain 
species have thread-like processes, like those of Haplosporidia. 

Sub-order 1. monospoeogenea 

Sporonts formed in chains by repeated fission, then the separate 
sporonts form each a single spore. 

Nosema Naegeli app. in insects, fish, etc. ; includes N, bombycia, cause 
of p^brine, fatal disease in lava of silkworm moth, Bombyx mori. P^brine 
caused great loss to silk industry, until cause and remedy were discovered 
by Pasteur. N, apis causes bee dysentery, not Isle of Wight disease, 
in bees. 

Sub-order 2. oltgospobooenba. 

Separate sporonts each form few spores. 

Thdohania Heimeguy. Eight spores in sporont. In muscles of 
Crustacea, Insecta, etc. 

T. (Octosporea) muscae domealicae has macro- and micro-spores. 

Qurleya Doflein. Sporont forms four spores. In Daphnia and insecta. 

PUittophora Gurley. Sporont forms several spores. Parasitic in fish. 

Sub-order 3. polysporogknba. 

Many sporonts in single cyst ; each sporont forms many spores, 
producing finally a large cyst full of innumerable spores. 

The cyst is said to give rise endogenously to separate sporonts 
in chains or strands like those of Nosema, and thus the cyst would 
be a colonial form with essentially the same reproductive process 
as in Monosporogenea. This question, and the presence of large 
nuclei, which have been differently interpreted as (1) infiltrated 
host nuclei and (2) vegetative nuclei of the parasite, require 
further investigation. 

Qlugta Th^l. Spp. in fish, insects, etc. O. lophii forms large cysta in 
the hypertrophied nerve cells of Lophiua piacatoruu. 

Order 4. Myxospobidia. 

Trophozoite forms plasmodium in gall, -bladders or other organs 
in fish and Amphibia. Spores have two or four large polar cap- 
sules with extrosible polar threads. 
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The uninucleate amoe- 
bula emerging from the 
spore grows to form a 
multinucleate plasmo- 
dium, which divides up 
endogenously to form 
sporonts, known as pan- 
sporoblasts. The pan- 
sporoblast, after repeated 
nuclear divisions, forms 
usually two sporoblasts, 
each of which develops 
into a multinucleate (four 
or six nuclei) bivalved 
spore of complex struc- 
ture. 

The actual mode of 
formation of the pan- 
sporoblast in the plasmo- 
dium is a disputed point. 
According to most ob- 
servers,one nucleus divides 
repeatedly to form all the 
ten or more nuclei of the 
mature pansporoblast. 
Others see a union of two 
or four separate cell- 
elements from the plasmo- 
dium to form a four- 
nucleate, four-celled stage 
of the pansporoblast. 
From this point all agree 
that further development 
is by nuclear division 
and differentiation. For 
details of the spore see 
Figs. 39 and 40. See also 
note at end of Actino- 
myxidia. 


/ 



Fio. 87. — Leptoiheea agUU as a type of Myxosporidla 
from the gall-bladder of Trygon tnilgans. ps, 
pseudopodla ; g, oil globules ; r. refractile granules ; 
£p, spores, each with two polar capsules. After 
Thelohan from WasioLwski. 


\ 



a 6 

Fia. 8d.->Spores of My pobtk u $UiP 9 Me$ (after 
Balblani) showing polar eapanles. In btlw polar 
filaments are everted. 
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Sub-order L oispobba. 

Each plasmodium forms only one pansporoblast. 

Leptoiheca Th61. and Ceratomyxa Thel. in gall-bladders of marine fish. 

Sub-order 2. polyspobea. 

The plasmodium forms several pansporoblasts. 

Fam. 1. Myxidiidae. Spores with two polar capsules, one at each 
end of elongate spore. Myxidium Biitschli, Sphaerospora Th61., Sphaero- 
myxa Th6l. In marine or freshwater fish. 

Fam. 2. M3rxobolidae. Spores with both polar capsules at one end, 
and with iodinophile vacuole. Myxoholua Biitschli in miiscles, etc., of 
fresh-water fish; causes epidemic in edible fish (barbel, carp) on the 




a 


Fig. to . — Agarella gracilis. Two 
fully developed spores in pan- 
sporoblast. <?, amoebiila nuclei ; 
bf spore nuclei ; c, four polar 
capsule nuclei. Orig. 

Continent. Henneguya Th^l. has spores with long tail and forms cysts 
on gills, etc., of freshwater fish. 

Fam. 3. Chloromyxidae. Spores with 4 polar capsules at one end of 
spore. Chloromyxum Ming,, with ovoid spores. Spp. in Elasmobranchs 
and Amphibia. Agarella Dunkerly, spores with long tail like Henneguya, 
In Dipnoan fish, Lepidosiren, 

Order 5. Actinomyxidia. 

The pansporoblast forms eight spores, which have ternary 
symmetry, i.e. they have three valves and three polar capsules. 

The plasmodium is formed by the conjugation of a pair of 
“ sporoplasms ” (each binucleate in Tetractinomyxon), and 
develops into one large pansporocyst with tw'o pansporocyst 
nuclei. In this, sixteen uninucleate cells are formed, which, 
after nuclear reduction, conjugate in pairs to give eight sporo- 
blasta. Each of these develops into a spore which possesses 
Uiiee valves, each with a nucleus, three polar capsules and 



FlQ. 39 . — Myxidium incurvatum. 1 , spore with 
extruded polar fllninents. 2, spore structure, 
amn, amocbula (gamete ?) nuclei ; pc, polar 
capsule; pen, polar capsule nuclei. «n, spore 
nuclei. Orig. 
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nuclei, an endospore nucleus and two or many amoebulae 
nuclei. The rest of the life-cycle is unknown. Parasitic in 


Oligochaeta, Sipunculids, etc. 

These very complex forma 
are, like Myxosporidia, really 
multicellular in some stages, 
not only multiniicleate, and in 
this respect both Myxosporidia 
and Actinomyxidia stand apart 
from other Protozoa, even from 
those, such as Ciliates, which 
possess considerable intra- 
cellular differentiation. 

Tetractinomyxon Ike da in Sipim- 
culids, with spore formation as 
above. Hexactinomyxon Stoic, 
Sphaeractinomyxon Caull. and Mes- 
nil, Triactinomyxon Stole, parasitic 
in Tubificidae. 

Class IV. CILIOPHORA 
(HETEROKARYOTA). 

Unicellular Protozoa with 
mimerous cilia as locomotor 



Fio. 41. — Tetractinomyxon intermedium, an 
Actinomyxidian parasitic in Sipunculid 
Fetaloitoma. 1, earliest stage of pansporo- 
blast, formed by association of two binu- 
cleate sporoplasms; 2, complete pan- 
sporocyst (pansporoblast) containing eight 
sporoblasts at different stages of develop- 
ment; a, four-nucleate stage; b, five- 
nucleate stage ; pon, pansporocyst nuclei ; 
3, mature spore from pansporocyst ; pen, 
polar capsule nuclei; spn, spore nuclei. 
After Ikeda. 


organs, either in adult or in larval stage. Ttoo nuclei, one vegeta- 
tive meganucleus {M.N.), and one reproductive micronucleus 
{m.n.) are usually present in the one cell. Reprodziction by 
transverse fission or by budding. Syngamy by interchange of 
nuclear material between tioo individuals during temporary union 
(=“ conjugation ”). 

These organisms are the most highly differentiated in structure 
amongst the unicellular Protozoa. While complexity of the Myxo- 
.sporidian spore is only attained by forming a complex of several 
cells, we have in some of the Ciliophora great complexity of form 
and structure, surpassing even that of the Trichonymphidae, 
present in a unicellular organism or cell, and controlled by one 
nuclear complex. 

The cilia are short motile threads resembUng short flagella, 
but usually with a definite beat in one plane instead of in a 
spiral path. In Holotrichous forms the cilia are inserted 
in regular transverse and longitudinal rows, and while the 
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cilia of any one transverse row are synchronous in their beat, the 
cilia in a longitudinal row are metachronous, i.e. they beat 
regularly one after the other along the row. Tliey are 
inserted in the ectoplasm l«(yer with small basal granules at their 
inner ends. The cilia may be united in bundles or bands, and 
thus form either stout spinous processes, the cirri, or thin, ribbon- 
like membrandlae (Fig. 52). 

In some forms there is a layer of vertically arranged trichocysts 
just below the surface, and the liquid contents of these can be 
shot out as fine threads, analogous with the nematocysts of 

Coelenterata. They 
may be defensive 
in function or for 
attachment, or both. 

There are contrac- 
tile myoneme fibrils 
which run in definite 
canals, and which 
by their rapid con- 
tractions bring about 
the instantaneous 
alteration of form 
which is so charac- 
teristic of some of the 
Ciliata (Fig. 42). 

Definite co-ordina- 
ting “ neurofibrils ” 

Via. 48 .— A, section; B, surface view, have been described 

ml alveolar layer ; bg, basal granules ; c, cllium ; m, 

myoneme ; me, myoneme canal. After SchrSder. gg controlling the 

movements of the cirri, in e.g. Euphtes, Diplodinium 
(Fig. 43). 

The method of feeding in these holozoic organisms is (a) inges- 
tion of large food bodies through a large mouth-opening {cyto- 
slofne), e.g. Cohps, Prorodon ; or (5) by formation of a mass of 
bacteria, etc., in a vortex created by ciliary action at the bottom 
of a eyfopharynx, e.g. Paramecium, Vorticdla. 

The cytopyge, or opening for the extrusion of solid faecal 
material, may be either a thin spot in the pellicle, which ruptures 
to allow of the extrusion of faeces (e.g. Paramecium), or 
tiim may be a permanent pore through the pellicle leading 
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Fio. 43. — Diplodinium ecaud^Uum, from nimen of cattle, adcr.n* adoral men 

an, cytopyge or anal opening ; c.o.r, circumoesophageal ring of neuroflbriU 

contractile flbrillae or myonemes ; cut, cuticle ; c.v, contractile vacuole ; cyt,f ytoBto 
d.m, dorsal membranellae ; end, endoplasm; m, motorium (nervous eenue^); i 
nieganucleus ; mic, micronucleus : o.p, operculum; or.cil, oral cilia; ckJUtnOBk^ 
laminae. Longitudinal section. After Sharp. 
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from the endoplasm to the exterior, as in Nyclothems, Diplo- 
dinium, etc. 

The excretory system is often complex, consisting of canal-like 
feeders and a central collecting mmole, the latter alone bursting 
to the exterior, and thus expelling the excretory substances 
in solution, e.g. Paramecium, Stentor. 

The usual method of reproduction is by binary transverse 
fission, in the course of which the meganucleus divides by a 
simple fission or amitosis, but the micronucleus undergoes 
mitotic division, forming an often very elongate spindle with 
chromosomes. 

In syngamy, on the other hand, the meganucleus breaks up 
and disappears, though there is interchange of meganuclear 
material in Anophphyra, and in 2’rachelocerca the generative 
chromatin is said to pass out from the meganucleus to form 
micronuclei when syngamy is about to take place, thus 
indicating the originally vegetative plus reproductive functions 
of the one nucleus. The micronucleus is the one which under- 
goes reduction or maturation, thus forming gamete nuclei, 
which are exchanged between the two conjugants (Fig. 44). 
Conjugation is generally isogamous, but is anisogamous in 
Vorticellidae. 

Whereas it was thought for some time that cultures of Ciliates 
could be induced to reproduce indefinitely in cultures without 
any process of conjugation occurring, by means of frequent 
sub-culturing into fresh culture medium, it seems now that an 
internal process of nucleus renewal can take place within the 
single individual in such cases. This internal nuclear reorganiza- 
tion serves the same function of “ rejuvenation ” as does conjuga- 
tion between two individuals, and is termed “ endomixh ” 
(see Fig. 45). 

The group is cosmopolitan in distribution, common species 
being found in animal and vegetable infusions, etc., -in any part 
of the world. Some genera and species are, however, restricted 
to freshwater, others to the sea, and others, again, are purely 
ecto, endo-parasitic or symbiotic. 

Sub-class 1. mLIATA. 

Ciliated in aU stages. Nutrition holozoic or saprozoie. 
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Order 1. Holotricka. 

Body uniformly covered with cilia; no special oral cirri or 
membranellae. 



Sob-order 1. astomata. 
mnthoiik spenal mouth-opeiiiiig. 

SoBM of ftfloe axe primitive, othera are d^enerated members 
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of other groups, but it is convenient to consider them at the 
beginning of the Holotrichous group. 





Fio. ranarum, dn, dividing nuclei ; e, endosphenile granules (omitted from 

rest of figure). Altered from Metcalf. 


Opalina Purk. and Val. Parasitic in rectum of Anura. Astomatoua bi- 
to multi -nucleate forms with undifferentiated nuclei, which are either all 
micronuclei, or more likely all primitive nuclei with vegetative and genera- 


tive chromatin not yet separated. 
Division is by plasmotomy, fission 
of the mulUnucleato form. In 
spring, uninucleate forms arise, 
which encyst, pass out of host frog, 
and in the new host (a tadpole), 
they become gametes and fuse in 
pairs to form the zygote, starting 
a new asexual cycle. 

Opalina is primitivo apparently 
in some of its characters, but the 
remaining members of the Sub-order 
are degenerate parasites, perhaps 
from different Gliate groups (but 
most of them from Holotricha), 
which have lost the mouth-opening 
in correlation with their endopara- 
sitic life. 



UlUte. A,showingmfganiielpiit«iid micfo- 
nucleus and coatractlle vacuoles ; B, a divi- 
sion Siam, showing division of ^cfonadeiM. 

aftvr iVn^A 
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Anaplophrya Stein, in the branchiae of Isopod AselluSf has M»N. and 
m.n. and row of contractile vacuoles. 

IrUoshellina C4pdde in Oligochaete Tuhifex, has non-functional pharynx 
(?) and fixing organ. 

Diacophrya Stein, in Planarians, has sucker-like fixing organ and long 
tubular vacuole. Orchitophrya C^p6de in testes of Echinoderm Asteriaa, 


Sub-order 2. gymnostomata. 

Oral opening distensible, without membranella. Generally 
free-living. 

Fam. 1. Enchelidae. Body ovoid, symmetrical; open terminal mouth, 
often with pharyngeal rods. Enchelya Ehrbg. Holophrya Ehrbg. 

Ichthyophthiriua Fouquet is ectoparasitic on fish, 
and loses the m.n. during the adult stage, but the 
encysted and young free stages have both M.N. 
and m.n. Prorodon Ehrbg., pharynx wall of fine 
rods, very distensible. Golepa Ehrbg, body covered 
with cuirass of small plates, very large, distensible 
mouth Didinium Stein, with ciliation reduced to 
two body rings; extrusible proboscis at anterior 
end, through which juices of other Protozoa (Para- 
mecium, e.g.) are sucked. Butschlia Schub. endo- 
parasitic in rumen of cow and coecum of horse. 
Trachelocerca Cohn, a long, very contraictile form ; 
marine. 

PIG. iS.-^hilodon Fam. 2. Trachelidae. Body flattened, bilaterally 

mouth at base of proboscis. Dileptua 
meganucleus. Ex- Duj., Tracheliua Cl. and Lachm., Lionotua Wrzesn., 
Loxodea CL and Lachm. 

through cytopyge. _ i.i 

Fam. 3. Chlamydodonndae. Oval or kidney 

shaped body, mouth subterminal, pharynx with well-developed rods. 
Chlamydodon Ehrbg., Chilodon Ehrbg., freshwater, and ectoparasitic 
on fish. 

Sub-order 3. hymenostomata. 



Oral opening with undulating membrane, and always open. 
Free-living. 

Fam. 1. Ck>lpodidae. Pharynx small, peristome absent. Colpoda 
Mull., Colpidium Stein, Glaucoma Ehrbg., all very common infusion forms, 
freshwater or marine. Some spp. of Colpidium and Glaucoma have been 
cultured experimentally in sterile fluid media containing no solid food, 
and with peptones or even glycero -phosphates as the only source of carbon, 
and ammonium compounds as the source of nitrogen — i.e. these forms, 
long considered as purely holozoie, are facultative saprozoa, although 
usi^ly holozoie in their nutrition. Frontonia Clap, and Lachm. , large form 
with complex contractile vacuole system. F.w. and marine. 

Fam. 2. Hicrothoraddae. Mouth small and posterior during move- 
ment ; body asymmetrical. Microthorax Engelm. and Cinetochilum 
Perty, f.w. Anciatrum Maupas in mantle cavity of Lamellibranchs. 

Fam. 3. Paramecidae. With well-marked peristomial groove leading 
to mouth, and long pharynx with undulating membrane. Paramecium 
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Stoin. Spp. common in f.w. and marine infusions. P. caudatum, 1 m.n., 
P. aureliay 2 m.n., P. bursar ia has green symbiotic algal bodies, zoochlorellae. 

Fam. 4, Pleuronemidae. Mouth with large protrusible undulating 
membrane. Pleuronema Duj. Movement by sudden leaping movements 
caused by sudden beat of the long, stiff cilia. Common f.w. and marine. 
Lcmhus Cohn, marine. Lemhua (Anophrys) Cohn, a facultative parasite (?) 
in blood of crabs. Lembadion Perty, f.w. 

Fam. 5. Isotrichidae. Large parasitic forms with thick pellicle, and 
oral end posterior in movement, Isotricha Stein in rumen of cattle. 

Fam. 6. Urocentridae. Aberrant form, cilia restricted to two. ciliated 
rings, long pharynx. Urocentrum Nitzsch, f.w. and marine. 

Order 2. Heterotricha. 

Body generally ciliated, but peristome with strongly developed 
adoral spiral of membrancllae (fused cilia) and mouth with 
undulating membrane. 

Sub-order 1. polytricha. 

Body closely and uniformly 
ciliated. 

Fam. 1. Plagiotomidae. Peristome 
forms narrow groove from anterior end 
to mouth opening. Plagiotoma s. str. 

Stein, parasitic in earthworm. Ble- 
pharisma Forty. Spirostomunk Ehrbg., 
with moniliform nucleus, in decaying 
infusions. 

Fam. 2. Borsariidae. Short, stout 
body with short peristome. Bursaria 
O. F. Mull. Large form with large 
sunken peristome. F.w. Nyctotherus 
Leidy, kidney-shaped, with sharply 

intumed tube at end of peristome nucleus; P, peristome; p, preoral 

and a permanent cytopyge. Spp, myoiibriila“‘”Altir^ 
parasitic in cockroaches, frogs, man, etc. 

Balantidium Clap, and Lachm. em. Stein. Egg-shaped, peristome a deep 
groove at anterior end. Spp. parasitic in worms, amphibia, pigs, man. 
B. coli ingests red blood corpuscles and causes a dysentery in man. 

Haematophagus Woodc. and Lodge, on baleen plates of whales ; feeds on 
red blood corpuscles of its host and produces black pigment (haemozoin ?). 

Condylostoma Duj. Large f.w. form, with moniliform nucleus. 

Fam. 3. Stentoridae. Body sack-like or funnel-shaped. Spiral 
adoral zone of membranellae at anterior end at right angles to long axis ; 
pharynx tubular. 

Climacostomum Stein, sack-shaped body. Stentor Oken. Long, funnel- 
shaped body, often attached by base ; nucleus moniliform. F.w. FoUi* 
culirm Lamarck, lives in pseudo -chitinous case, and has large peristomial 
funnel. Marine. 

Fam. 4. Gsnroooriidao. Bell-shaped ; cilia restricted to certain zones* 
Affinities with Oligotricha. Qyrocorys Stein (Coenomorpha Perty). 
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FlO. 60, — BtenAor ro99elii Ehrbg. 
(after Bteifi). O, oral aperture 
wttli ptiarytix; PV, contractile 
vacuoK ; meganucleus. 


ad.f 



Fam. 6. Disoomorphidaa. Body asym- 
metrical and flattened, with spinous 
processes ; ciliation reduced. Allied to 
Oyrocorys and perhaps to Microthoraddoe 
in the Holotricha. Diacomarpha Lev. 

Sub-order 2. oliootricha. 
Short or sac-like forms with 
ciliation usually much reduced to a 
few rows of cilia or to a few scattered 
cilia. 

Fam. 1. Tintinnidae. Pelagic forms 
living in cases. Adoral spiral of thick, 
strong membranellae (“ pectinellae ’*), 
with several rows of body cilia. This 
family is intermediate between the Poly- 
trichous Stentoridae and the more definitely 
Oligotrichous Halteriidae. Marine and f.w. 

TirUinnua Schrank emend. FoL, TirUin- 
nidium Kent., Cyttarocyclis Fol. 

Fam. 2. Halteriidae. Spherical forma 
with a few body cilia used for springing, 
and an adoral zone of strong cilia. 

HaUeria Duj. F.w. Strombidium Clap, 
and Lachm. F.w. emd marine. 

Fam. 3. Ophryoscolecidae. Pellicle 
thick, peristome retractile with complex 
spiral chloral zone of membranellae. Well- 
developed anal opening (cytopyge) in some. 
Forms of bizarre shapes found living in 
the rumen and reticulum of the ruminent 
stomach, but in the omasum cmd aboma- 
sum they are generally dead or dying. 
That is, they live where fermentative, 
not true digestive, processes take place. 
It is believed that they are digest^ in 
the host intestine and are therefore sym- 
bionts, feeding on the food of hosts (plant 
particles), and rendering this available to 
host by building it up into their own 
cytoplasm. Method of infection not cer- 
tain, probably by cysts (not yet identified), 
in grass, hay, etc., milk-fed calves being 
free from infection. 

ErUodinittm Stein, Diplodinium Schub., 
Ophryoaedex Stein, Cycloposthium Bundle. 
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Order 3. Hypotmcha. 
Doreo-ventrally flattened forms; 
cUis modified to form a few long, 
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stiff, tactile hairs on dorsal surface and strong, curved 
locomotory cirri on ventral surface. Adoral spiral nsoalfy 
ventral, and with strong cilia, membranellae snd midnlatii^ 
membrane. 

Fam. 1. Peritromidae. Frimitive Hypotricha witb cffertad ventral 
surface and peristomial cilia along anterior edge of Ptri$nmm» 

Stein. Marine and f.w. 

Fam. 2. Ozsrtrichidae. Anterior region with wi^-dieivelo|ied cirri 



Ho. 52. — Ciliary apparatus of a Hypotrich 
Onychodramut grandis (from Perrier, after 
Maupas). a, adonil membranellae ; b, paro- 
ral cilia ; <r, marginal cirri ; d, frontal cirri : 
€, ventral cirri; j, anal cirri; m, preoral 
undulating membrane; n, meganucleus; v, 
contractile vacuole. 



Fio. 53 . — StgimMim 
(after Stebik aeenfipnm ven- 
tral side. wr,. adoral zone 
of cilia ; C, eontiactOe 
vacuole; .9, negamieleos ; 
N\ mkroaiiwiena ; eyto- 
pyge (anal opening). 


distinct from adoral zone of cilia or membranellae. Month with 

complex apparatus of undulating membranes, stout membmellae and 
oral cilia. F.w. and marine. Urostyla Ehrbg. Five rows small cirri 
ventrally; posterior anal cirri 5-12, not projecting beyockd posterior 
border of body. Kerona Ehrbg. Kidney -shaped, ectoparaaitie on Hydra ; 
f.w. Stickoiricha Perty forms colonies in gelatinous tobeSr (hcyirieka 
Ehrbg., long, flexible form with anal cirri projectin|^ beyond body. 
Stylanichia Stein. Stiff, constant form, anterior end broad, three promi- 
nent caudal cirri. Very common infusion form, often occurring with 
Paramecium, Onychodromus Stein. 

Fam. 3. Euplotidae. Short, oval forms with ciliation imieh ledooed, 
especially the lateral cilia, but very strong ventral and anal cini pment. 
Euplotes Stein, f.w. and marine. Diophrys Duj., with very stont^ blunt 
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anal cirri and three large curved posterior dorsal ones ; marine. Uronychia 
Stein, with large curved posterior (dorsal ?) cirri ; marine. 

Fam. 4. Aspidiseidae. Short, almost disc shaped forms, with small 
peristome and short adoral spiral of cilia. Lateral cilia absent. 
Aapidisca Ehrbg., f.w. and marine. 



Fio. bi.—Styloniehia mytilus FlO. 55.— structure, rr, contractile vaciiolo; 
in division (from Stein). C, mcgaiiucknis ; m. micronurlcns ; wi/, myoneino 

contractile vacuole; A, incga> fibrillae ; m\ food vacuoles ; ren, reservoir of vacuolar 

nucleus; w, micronuclcus. system; r, vestibule leading down to cytostome. 

After Schroder. 


Order 4. Pbbitricha. 

Cilia reduced to peristoraial ring (adoral spiral) at oral end 
and ring of cilia (aboral ring) at aboral end ; latter absent 
in attached forms except in free-swimming stages. 

The primitive forms of this group, the Licnophoridae, can 
be derived from the Hypotricha by a further reduction of 
body cilia to the adoral spiral and the aboral ring. The 
nucleus is often horseshoe-shaped or forms an almost complete 
ring. The cytopyge and contractile vacuole open to exterior 
in the peristomial region near the mouth, which leads to a 
well-developed pharynx. 

Fam. 1. Licnophoridae. Anterior and posterior ends bent ventrally, 
anterior with adoral spiral of cilia and mouth-opening, posterior end forming 
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ventral, sucker-like ori>an, with ring of cilia. Niitlcu?^ inoniliform. Primi- 
tive, Peritrichous forms {vide supra), Licnophora Clap. Ectoparasitic or 
commensal on medusae, Opisthobranchiate Mollusca, worms and Echino- 
dorms. 

Fam. 2. Spirochonidae. Ectoparasitic forms derived from Licno- 
phoridae by loss of ring of cilia at posterior permanently attached end, 
and by shifting forward of adoral spiral to form membranous spiral, funnel- 
like anterior end. S pirochona Stein. Ectoparasitic on gills and legs of 
f.w. and marine Crustacea (e.g. Gammarus), 

Fam. 3. Vorticellidae. Adoral spiral and aboral ring of cilia now 
brought to opposite ends of cell-body by straightening out of Licnophora 
type. Morphologically the adoral spiral is on the dorsal surface, and the 
aboral ring forms the border of the ventral surface. The adoral spiral 
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Fio. 56 . — Trichodina pediculua ; a peritrichous clllat^ cctozoic on fish, etc ; od.c, adoral 
cilia; c.v, coiitracMlo vacuolo ; /,t>, food vacuole ; A, hooks ; m, p ristome ; n, niegauu- 
eJeus ; oes, vestibule leading to cytostoine ; $jn, striated membrane ; v, aboral velum. 
From Uegner and Taliaferro, after Clark. 


consists of two rows of cilia, outermost of which is prolonged into the 
wide “ vestibulum,” which leads to mouth and pharynx, the latter con- 
taining an undulating membrane. Cytopyge and contractile vacuole 
open into “ vo.stibulum.” 

Sub-fam. 1. Trichodininae (Urceolaiinae). Ectoparasitic forms with 
well-developed adoral spiral and aboral ring of cilia, the latter en- 
closing a sucker-like attaching organ. Trichodina Ehrbg. Flattened 
disc-like parasite of f.w. and marine animals, e.g. Coelenterates, 
worms, fish, etc., usually ecto- but sometimes endo-parasitic. Cyclo- 
chaeta Jackson. Like Trichodina, but with aboral cirri as well a 
cilia. Ecto -parasitic on, and pathogenic to, fish. 

Sub-fam. 2. Vorticellinae. Stalked attached forms, solitary or 
colonial, with aboral ciliated ring developed only in free -swimming 
stages. Peristomial field forms a contractile disc which can cover 
adoral spiral and vestibulum on contraction. Scyphidia Lachm. 
Primitive form without stalk, but attached by broad aboral base, 
which has no ciliated ring. 
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Tribe AcontractUia. Stalks without contractile fibrils. Solitary 
or colonial. Wutbdoatyla Kent. Solitary, marine. Episfylia Ehrbg. 
Colonial, f.w. and mar. Opercularia Ehrbg. Peristomial disc on a 
retractile stalk, colonial, f.w. Ophrydium Ehrbg. Colony in gelatinous 
mass; f.w. 

Tribe Contractilia. Stalks strongly contre^tile, with internal spiral 
myoneme fibrils. Solitary and colonial forms. Vorticella Ehrbg., 
Solitary, on long contractile stalk. Spp. very common in f.w. and 
marine infusions. Carcheaium Ehrbg. Colonial, with contrac*tilo 
fibrils in stalks of separate individuals not connected, therefore 
individuals separately contractile ; f.w. Zoothamnium Bory emend. 
Stein. Colonial, with contractile fibrils in stalks of individuals all 
connected, and colony retracts as a whole ; f.w. and marine. 

Tribe Cothurnina. Stalked or sessile forms, with pseiidochitinous 
vasedike case or tost. Cothurnia Ehrbg. Case attached by base, 
with or without stalk ; some have operculum which can close mouth 
of case ; f.w. and marine. Vaginicola Lam. emend. Clap, and Lachin. 
Cose attached by side to substratum ; f.w. Lagenophrys Ehrbg. Case 
has narrow mouth w'ith complex closing apparatus ; peristomial disc 
stalked ; f.w. ; commensal on gills of Oarntrutrust Asellus, etc. 

Sub-class II. SUCTORIA. 


AduU not ciliated,, but with hollow mcking tubes, which serve 
as feeding organs. Ciliated only in larval stages. 

Very different from the Ciliata in appearance, yet the 
Suctoria show relationships with the former group by their 
ciliated embryos, differentiated meganticleus (M.N.) and micro- 
nucleus (m.n.) (though the m.n. has not been demonstratt'd 

in all), and in tluir 
method of syngamy or 
conjugation. 

There is a thick pelliclt*, 
and sometimes case or 
test formation. The 
characteristic suckers arc 
used for grasping, pierc- 
ing and sucking their 
prey, which consists of 
other Infusoria, Ciliates, 

Fio. 57.— Ehrbg. sucking the CtC. Owing tO the liquid 
hotly o( a siunii ciliatc (Knclieiys) (after bach- , . i 

nmim). T, suctorial tcntjiclc; F, vacuole; N and nutritlOUS character 

of the food there is little 
or no defaecation of solid particles. Contractile vacuoles are 
present. Reproduction is by fis.sion into two unequal daughter 
cells, or more commonly by budding, either external {Ephelola) 












Fio. ^iS.--Ephdnta gemmipara (after R. Hcrtwlg). «, with extended tentacles (both prehensile 
and suctorial) and two contractile vacuoles ; ft, the same with ripe buds (embryos) Into which 
processes of the branched mcganucleus N enter ; c, free young form. 






Fio. 59 . — Choanophrya infnndwuhftrn. A, individual with one embryo (c) ready to lea e 
incubation cavity, and another embryo (wo forming at base of c.i\ if v . B, newl v attached 
larva still retaining its rows of cilia ; n, nuelcus; r, vacuole. Ut'r Collin. 

also enter the bud to form its m.n. The bud is se ; tree as a ciliated 
larva. 

Conjugation takes place and is attended by the same nuclear 
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phenomena of maturation and syngamy of gamete nuclei as in 
the Ciliata, but the gametocy tea, either isogamous or anisogamous, 
undergo complete fusion as in Vorticellidae. The further develop- 
ment of the synkaryon nucleus is unknown. 

The Suctoria resemble most closely the Pcritricha amongst the 
Ciliata in (I) being permanently stalked, (2) the peritrichous 
ciliation of the embryos, and (3) the total fusion of the 
gametocytes. 

Fam* 1. Hypocomidae. Primitive motile forms with ciliated ventral 
surface and one short tentacle. Reproduction by transverse fission. Hypo^ 
coma Gruber, marine. 

Fam. 2. dmillidae. Attached fonns with or without case, non-ciliate, 
with one or few tentacles. Reproduction by unequal fission. Rhyncheta 
Zenker. UmtUa Clap, and Lachm. F.w. 

Fam. 3. Hetacinetidae* Stalked forms in case, which has radially 
arranged slits for extrusion of tentacles. Reproduction by unequal fission. 
Metacineia Biitschli. F.w. 

Fam. 4. Podophryidae. Naked forms stalked or imstalked, with 
numerous knobbed or pointed tentacles on whole surface or at apical 
end. Reproduction by subequal fission or by exogenous budding. Fodo- 
phrya Ehrbg. F.w. and marine EphdoUi W right, wi th multiple exogenous 
budding; marine. i8>pAaefopAf^aC^p.andLachm. F.w., and endo parasitic 
in Ciliates. Choanophrya Collin. 

Fam. 5. Acineti^e. Stalked or unstalked forms naked or in a case, 
latter with wide opening. Reproduction by endogenous budding. Toko- 
Biitschli. Naked, tentiusles scattered; f.w. and marine. Acineta 
Ehrbg., with case ; f.w. and marine. 

Fam. 6. DendrOfOmidae. Naked unstalked forms with bunches of 
tentacles on long, sometimes branched arms. Endogenous budding. 
Trichophrya Clap, and Lachm., body brpad, flattened, lobate ; f.w. and 
marine. Dendrosoma Ehrbg. Body forms stolon with upright branches ; f.w. 

Fam. 7. Dendrocometidae. Body hemispherical witii numerous short, 
thick tentacles, pointed or with much-branched apices. Endogenous 
budding. Dendrocometes Stein, with branched tentacles, on gills of Gam- 
tnarua ; f.w. Siylocometes Stein, with pointed, unbranched tentacles on 
gills of Ascllua ; f.w. 

Fam. 8. Ophryodendridae. Marino forms with long proboscis -like 
process armed with numerous tentacles ; vermiform individuals without 
tentacles are also present, but their significance is not known. Endogenous 
budding. Ophry^ndron Clap, mid Lachm. on seaweeds, etc. 

WORKS OP REFERENCE. 

Hiis list contains only the most general works or mono :rapli:> in each 
divifflon, but from Uiese references to the more deh\ik'd works can l)e 
obtained. 

PROTOZOA IN GENERAL. 

Hkoncb and TAuarERiio. ‘‘Human Protozoology.” 1924. (A more 
general and useful book than its title indicates ; contains recent 

folerences.) 



WORKS OF REFERENCE 69 

Doflbin. “ Lehrb. d. Protozociikiinde.’* 4th ed., 191C. (An invaluable 
work, with good lists of references for each group.) 

Robert. “ Les Protozoaires.” 1914. (Good general notes on morphology 
and systematics.) 

Minchin. “ Introduction to Protozoology.” 1912. (A valuable general 
account.) 

Butschli. “Protozoa” in Bronn’s Tierreich. 3vols., 1889. (A complete 
account of the biology and morphology of the Protozoa up to date of 
publication.) 

Archw /. Protistenkundc. Vols 1-63. 1902 et 8cq» (Established by 

Schaudinn, this periodical is beautifully illustrated, and contains 
many of the most important original papers on the Protozoa.) 

STRUCTURE AND PHYSIOLOGY OF THE CELL. 

Wilson. “ The Cell.” 2nd ed., 1925. 

Bayliss. “ Principles of General Physiology.” 3rd ed., 1920. 

Bklar. “ Der Formwechsel der Protistcnkeme,” Ergeb. u. Fortschr. d. 
Zool., 6, 1926. 

REPRODUCTION, ETC., IN THE PROTOZOA. 

Jennings. “ Life and Death, Heredity ... in Cnicellular Organisms.” 
1920. 

MASTIGOPHORA. 

Pascher, Lemmermann and Schilling. “ Flagellatao” in ” Susswasser- 
flora Deutschlands.” Hfto. 1-3, 1913-14. 

SARCODINA. 

Leidy. “ Fre.shwater Rliizopods of North America.” 1879. 

Noller. “Rhizopoda” in Ostertag, etc; “Die tierischen Parasiten d. 
Haus- 11 . Nutztiere.” 1922. 

SPOROZOA. 

Minchin. “ Sporozoa ” in R. Lankester’s “ A Treatise on Zoology.” 1903. 

CILIOPHORA. 

Eyferth. “ Einfachste Lebensformen . . .” 4th ed. by Schoenichen 
and Kalb<*rlah, (Useful for identification of forms.) 

Pknaru. “ Etudes sur les Infusiores d’eau douce.” 1921. 

Saville-Kent. “ Manual of the Infusoria.” 1880-82. 

ScHEWiAKOFF. “ Infusoria Aspirotricha ” (Russ.) in Mem, Acad. Imp. 
Sci., St. Petersburg. 1896. 

Collin. “ fitude monographique sur les Acinotiens.” Arch. Zool. oxper. 
51, 1912, pp. 1-467. 

PARASITIC PROTOZOA. 

Brumpt. “ Precis de Parasitologic.” 3rd ed., 1922. 

Byam AND Archibald. “ Practice of Tropical Medicine.” 3 vols., 1921-2,3. 

Hartmanv and Schilling. “ Die pathogenen Protozoen.” 1917. 

Heoner and Taliaferro. Op. cit. 

Noller. Loc. cit. 

Tropical Diseases Bulletin, (An invaluable store of references to, 
and summaries of, current original papers.) 

Note . — ^Wen yon’s “ Protozoology ” was published while this chapter 

was in the Press. 



CHAPTEE II. 


THE METAZOA. 

All animals above the Protozoa have been classed together as 
Metazoa^ and possess the following characters in common : — 

There is always more than one nucleus, and the nuclei are for 
the most part arranged with a definite relation to the functional 
tissues* 

Conjugation always takes place, but the structure is so complex 
that conjugation between the ordinary individuals of the species 
is impossible. Consequently special individuals — the gametes — are 
produced for the purpose of conjugating. These individuals, which 
have a very similar form throughout tlie group, are simple in 
structure and unicellular in character; there are always two kinds 
of them in every species, called respectively ova and ^erinatozoa. 
They arise by a process of unequal fission from their parent, and 
may lx)th be produced by one individual or by different individuals. 
When they are both produced by the same individual, that indi- 
vidual is said to be hermaphrodite. When they are produced by 
different individuals, that parent which produces the ova is called 
the female^ while tliat which produces the spermatozoa is called the 
male; and the individuals are said to be unisexual and the species 
dioecious. The conjugating individuals, or gametes, produced by 
the male never have the power of assuming the ordinary form of 
the species, and though they have, as a nde, the power of inde- 
pendent locomotion, soon die unless placed in the most favourable 
circumstam es. The gameic^s produced by the female, on the other 
hand, while they are without the power of locomotion and have a 
rather greater power of in<hq)endent life, are in mre cases capable 
of becoming more complex in structure, and of assuming the form 
of the adult. To females which produce such ova the term pjartheno- 
genetic is applied. In the vast majority of cases, however, the ovum 
has not the power of changing its form and of developing into 
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the ortliiiary form of the species unless it first cot\jugntos with the 
.<<{)crinatozoon. The zygote so produced is uninuclear, and has the 
proi)crty of developing into the ordinary form of the species. This 
method of reproduction, in which a new individual arises from the 
comhination of two independent individualities in the zygote, is 
called the sexual method of reproduction, as opposed to the asexual 
meflifsl, in which a multinudeated mass is separated off from the 
parent with the power of assuming more or less directly the ordinary 
form of the species. The asexual method, though common in the 
vegetable kingdom, is compamtively rarely found amongst animals 
{Coelenterata, Pohjzoa, Tunicata, Annelida, etc.). 

It thus appears that the Metazoa may be defined iis — 

Animals in tohich the ordinary ( so-called adult ) form of the spenes 
has always more than otie nucleus, and in whirli the nuclei are for 
the most part arramj&l reyularly and with a definite relation to the 
functional tissues of the animal (so-called cellular arranyement). 
Sjiecial conjufjatiny individuals of the foi’m of ova and spermatoroa 
are always formed. 



CHAPTER III. 


PORIFERA.* 

The Porifera present a great variety of external form. They 
may be cup-shaped, saucer-shaped, tubular, rod-shaped, foliaceous, 
trumpet-shaped, fan-shaped, mushroom-shaped, lobed, digitate, 
branched, or irregular, etc. (Figs. 60-62.) As a general rule, the 
form is extremely variable even in the same species, and is therefore 
of little use in identification. They are almost, if not quite, always 
attached to foreign objects; this may be effected by a broad basal 
surface, or they may be stalked. In some cases they are rooted 
in sand or in mud by basal processes or by special rooting spicules. 
With the exception of the fresh-water Spongillidw, they are marine, 
and are found at all depths. One family — the Clionidee — bore into 
shells and stones. 

As the name implies, the surface of the body presents a large 
number of pores, which are minute in size and inhalent in function. 
These pores lead into a system of channels which, after permeating 
almost the whole body, open to the exterior by one or more— but 
always a few — laiger exhalent openings called oscula. This system 
of spaces connecting the inhalent pores with the exlialent oscula is 
the canal system. Through it there passes — maintained, as we shall 
see, by ciliary action — a continual stream of water, which enters by 
the inhalent pores and passes out through the oscula. The sponge 
is covered by an epithelial layer which we may call ectoderm ; the 
canal system is lined by an epithelium, which as we shall see is 
usually partly ectoderm and partly endoderm; but the main mass 
of the body is formed of a soft tiSsue which we shall call mesoderm. 
The mesoderm consists of a gelatinous basis (though no gelatine has 
been detected in it), containing a protoplasmic network holding 

* For principal literatOTe see classes and orders. R. Hanitsch, “ Revision of 
the genenc nomenclature and classification in Bowerbank’s ‘British Spongiadts.’” 
frouedings and Transaetums of the Liverpool Biol. Soe. , vol. 8, 1893, p. 178. 
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nuclei, and presenting differentiations of various kinds — soKialled 
muscle cells, amoeboid cells, generative cells, scleroblasts (spicule- 
forming colls). The mesodermal network is continuous both with 
the ectoderm and with the endodenn ; indeed, these layers may 
fairly be regarded as sui>crficial lx)unding expansions of the meso- 
dermal mass. Skeletal structures, the main function of which is 



Fio. ('iO.—Axinella polyjwides 
(after O. Schmidt) 



Fio. 62.— A branched Ascon-colony (after Haeckel), 



to support the sponge-body, are contained in the mesoderm. These 
may be calcareous or silicious, in which case we get the so-called 
spongc-siucules ; or tliey may consist of a horny material called 
spongin (common bath sponge, Fig. 63); or finally, spongin fibres 
and silicious spicules may co-exist. The generative cells are budded 
off from the mesodermal network, and are eventually dehisced into 
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some part of the canal system, whence they are carried to the 
exterior. 

It is probable that all the protoplasmic tissues of the sponge are 
contractile, i.e., both the epithelial layers and the mesodermal net- 
work ; but special structures in the course of the inhalent and 
exhalent parts of the canal system have been described as muscular 
sphincters. Ectodermal cells carrying hair-like sensory projections 
have been described ; these, like other epithelial structures, arc 
connected below with the mesodermal network, parts of which 
have therefore been interpreted as nerve-fibres and nerve-cells ; but 



Fio. 63. —Piece of network of 
horny fibres from Eiispongia 
equina. 



Fio. 61.— Section through a calcareous sponge {Sycon 
raphanut), after F. B. Sch. Ect ectoderm; En, 
endoderm of a flagellated chamber ; Mes incso- 
deriii ; N calcareous spicule in tho iijcsotlerni ; 
Eiz ovum. 


there is no reason why one part of the network should be corfeidered 
as more especially adapted for nervous conduction and reflection than 
another. The ectodermal epithelium consists of flat cells; the 
endoderm is partly formed of flat cells and partly of somewhat 
cylindrical cells, each with a flagellum and collar. These are the 
clioanoc3rtes (Fig. 64). They are perhaps tlie most characteristic 
constituents of the sponge-body; the collar is a membranous pro- 
longation of the cell at its free end round the base of the flagellum ; 
and the whole cell resembles an individual of the Choanqflac, ( ^ta, 
It contains one or more contractile vacuoles, and its base is proi^nged 
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into processes which join similar processes of neighbouring cells and 
the mesodermal network. The collared cells are, as a rule, confined 
to special parts of the canal system called the flagellated or ciliated 
chambers. Their main function is, no doubt, to cause the current of 
water which is continually flowing through the si>onge. Ciliated 
epithelium is not found in the Pon/e?*a, though in some sponges 
{Oscar ella lobularis^ Plakina monolopha^ etc.) the ectoderm cells 
carry flagella. 

We may now proceed to describe in greater 
detail the various parts of the sponge-body. 

The simplest form of sponge — we do not say 
the most primitive, though it may be so — is 
presented by the Ascon type of the order 
( \dcarea, 

I'he Ascon-person^ which is characteristic of 
the genus Ijeueosolenia^* consists of a cup- or 
vas(j shaped animal attached by one end, and 
presenting at the other an opening — the oscu- 
lum. The walls are thin, and consist of ectoderm 
outside, flagellated endoderm inside, lining the 
cavity of the cup, and thin mesoderm, containing 
triradiate calcareous spicules, between the two. 

They are further pierced by numerous [m)ivs, 
the prosopyles. 

In the Syceywperson (Fig. 65), which is 
characteristic of the Heteroccela^ there is a tube 
or cup open by the osculum at one end and 
I . cIumI at the other. This tube is lined by 
fl < » lls, and gives off all around and through- 
oii! its length numerous short diverticula lined 
by flagellated cells. These are the ratiial flagellated chambers: 
they possess, in addition to the one main opening into the cavity of 
the central tube, which we may call the gastric cavity, numerous 
minute pores— the prosopyles — through which water passes from the 
exterior into the flagellated chambers. These radial tubes, in short, 
resemble an Ascon in structure, except for the absence of an osculum 
at tlieir fi*ee end. In the simplest Heterocoela tlie mdial chambers 
stand out freely from the central tube, and do not touch at any 



Fio. C.i. — Lon^itnilinal 
section throi^^li Sycon 
raphanvs, slightly mag' 
niHed. 0/>sculum with 
collar of spicules; Jit 
rad lal tubes which open 
into the central cavity. 


* This genus comprises Ascetta priviordialis and all Haeckel's Ascons. The 
Olynihus is a hypotlieiical animal imagined by Haeckel, and closely approaching 
the AscoU'^ierson in form. 
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point (Sycetta). But in the more complex fonns the walls of 
adjacent chambers fuse more or less completely where tliey touch, 
and the spaces between them arc broken up and called tlie inhalent 
canals or intercanals. These intcrcanals oi>en by tlic prosopyles 
into the chambers, and outwards on the surface of the sponge 
{Sycon), In still more complex forms the outer ends of the 
chambers and the openings of tlie intercanals are covered by a 
membrane called the dermal memh'ane or cortex. This cortex is 
perforated by numerous pores — the dermal pores — (to be dis- 
tinguished from the prosopyles) which lead into the intercanals 



Fio. 66.-7, Diagrammatic section of a Rhagon, H bypophare ; 0 osculum ; G gastral cavity ; 

V flagellated chambers ; pi prosopyle (flrom Perrier, after Sollas). 
tf Diagram of a simple form of the Burypylous type of canabsysteni. The spongophare ia 
folded. H hypophare ; O gastral cavity ; o osculum ; i incurrent sinuses ; p dermal i)ores. 

(OrantiOj Ute^ Syeyssa, Heteropegma^ Amphoriscus^ etc.). In this 
type the chambers may branch, and the dermal cortex may attain 
a considerable thickness, as also may the wall of the central tube 
(gastral cortex). A further complication is effected by the retreat 
of the flagellated cells towards the distal (outer) ends of the 
cliambers, their place lieing taken by pavement epithelium. We 
thus get exhalent canals coming off from the gastral cavity and lined 
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l>y flat c<‘lls, together ^vilh a riMluction in length of the flagellated 
chanilxjrs {^Lmeilla uteVy Leucati^ha asj/emy etc.). Tinally the 
chaniliers are small and spherical and irregularly scattered through 
the sponge-wall; the inhalent and exhalent canals being much 
developed. This is the Leucon stage of Haeckel and is found in 
Lmcandray Leucillay etc. In the non-calcareous sponges the canal- 
system is generally on a somewhat different plan. The simplest 
form is the so-called Bhagon typo (Fig. 66) found in the embryos of 
certain forms (Plakinay Reniera). The Ehagon has the form of a 
flattened pyramid, attached by its broad base and opening by the 
osculum at its apex. The sac is lined by flat cells, but possesses 
on its upper wall a numlx^r of small flagellated chambers into which 
the prosopyles open. The lower basal wall of the Ehagon, which is 



Fio. OT.—Dlagram showing the relations of the ectosome. H hypophare; B ectosome; 
I fold of the ectosome rooflng over the incurrent sinus ; p a sieve-plate of dermal ostia 
or inhalent pores; g excurrent sinuses ; v flagellated chambers; S incurrent sinuses (from 
Perrier). 


without flagellated chambers, is called the hypopharey and the upper 
wall, with the chambers, the spongophare. The openings of the 
chambers into the gastric cavity of the Ehagon are called the 
apopyles. The Ehagon condition is not found in any adult sponge, 
but the nearest approach to it is presented by Plakina monolopha 
and Oscarella lolmlariSy in which the spongophare is folded, so as 
to give rise to inemn'ent bHumes or canals similar to the intercanals 
of the Calcarea (Fig. 66, 2), 

As a result of this same folding the chambers open, not into the 
central or gastral cavity, but into diverticula of it. These diverticula 
are the exewrent sinuses. We thus get a modification of the Ehagon 
canal-system called the Eui3rpylou8 type. As a general rule in the 
Eurypylous type, there is concrescence between the folds of the 
spongophare, and the openings of the incurrent sinuses are roofed 
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over by a membrane (Fig. 67, Z) which is exactly comparable to 
the dermal cortex of the CcUcarea^ and is pierced by inhalent pores 
leading into the incurrent sinuses. (Figs. 67, 68.) This membrane 
is called the ectosome, as opposed to the rest of the sponge, which 
contains the chambers and is called the choanosome ; and the 
incurrent sinuses beneath it constitute the subdermal cavities, which, 
as is obvious, correspond to the intercanals of the Calcarea. By 
further folding of the spongophare and suppression of chainbei's on 
the main excurrent sinuses an increase in complexity is obtained. 

In the Eurypylous type the chambers open directly into the 
excurrent sinuses; but in many sponges they are removed from 
the surface of the latter, and the apopyle of each of them is pro- 
longed into a canaliculus — the apJiodus — lined by a prolongation of 
the epithelium of the excurrent sinus into which it opens. Further, 



Fio. W.— Ditgrtm of a aection ot the outer part oi Tetilla pedi/era (after Sollas, from Perrier). 

C choanosome ; E ectosome ; i incurrent sinus; v ilagellated chamber ; g excurrent sinu^. 

there is only one prosopyle to each chamber. This is the Aphodal 
modification of the Rhagon type {Stelletidae^ Geodinidae^ etc.). 

Finally there is the Diplodal chamber system (Fig. 69), in wliich 
there is a canaliculus leading to the prosopyle of eacli chamber — 
the prosodus — as well as an aphodm leading from it {Choyidrosina^ 
Corticium candelabmm^ etc.). 

In Eurypylous sponges the ectosome never attains any special development ; 
but in other types it becomes greatly thickened and histologically differentiated, 
and is called the cortex. In such cases the tubes leading through the cortex 
from the sieve-pores to the subcortical (subdermal) cavities are called chones, 
and are provided at some part of their course with a muscular sphincter, the 
velum. The inhalent pores may be diffuse or collected into pore-areas forming 
the so-called sieve-plates. 

Histology. There is but little to add to the statements in the 
general account. The most remarkable feature is the flagellated 
cells or choanocytes. They are larger in the Calcarea than in most 
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other sponges. They present the feature of projecting into the 
chaml)ers without contact with their neigh1x)urs. 

It was sui)poscd that in life their collars were everted so as to touch the 
collars of neighbouring cells and form a continuous thin niembi’ano lining the 
chamber ; but this has been sliown to be a post-mortem phenomenon. 

Tlie mesoderm contains many tissue elements Avliich are all con- 
nected together, and are embedded in a kind of gelatinous basis. 

To revert to the language of the cell theory, those cells of this tissue, to 
which no special function can be assigned — such as reproduction, contraction, 
skeletal formation — vary somewhat in their arrangement, and so give rise to 
dilfcrent forms of mesoderm ; we may mention Collenchyme with scattered stellate 
cells ; Sarccnchyme gelatinous basis reduced, and granular cells closely packed ; 
Cystenchyme with vesicular, vacuolate cells close together or separated by a 
matrix ; Chondrenchyme like hyaline cartilage. 

There are also pigment cells, fusiform connective tissue cells, muscle cells as 
granular fusiform cells round the 
0 })enings of the water-canals. 

S])iciiles originate in one cell, or 
more than one cell may be asso- 
ciated in their juoduction (Liihis- 
iida). It has been recently stated 
that three cells are concerned in 
the formation of the triradiate 
spicules of the Calcarea^ and that 
they are derived from the ectoderm 
(M inchin). 

The ectoderm is composed 
of flattened cells, tliough the 
cell limits are not always dis- 
cernible. In some sponges at 
least the cells of the ectoderm 
seem to be capable of assum- 
ing, when contracted, a mush- 
room shape. 

The ingestion* of food and foreign bodies by sponges is eflected by 
tlie collared cells, and probably also by the flat cells of the inhalent 
and exhalent canals, and of the surface ectoderm of the body. From 
these tlie solid bodies pass into the subjacent mesoderm cells, this 
transit being probably effected by protoplasmic flow along the strands 
connecting the surface epithelia with the subjacent tissues, in very 
much the same manner as food passes along the pseudopodial network 

* Vide E. MetschnikolT, “ Spongiologischo Studien.” Z. f. w. Z., Bd. xxxii. 
p. 372. A. Dendy, “Studies on tho Comparative Anatomy of Sponges.’* 
Q, •/. J/. vol. XXXV. p. 216, 
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into the body of a Foraminiferan, But although the choanocytes 
may have this ingestive capacity, their main function is prulxibly to 
cause currents through the canal system. 

The question of the ingestion of solid food by sponges has been much disputed, 
There can be no doubt that solid bodies arc introduced into the mesodcriu cells, 
for apart from the fact that foreign bodies such as sand-grains, etc. are found in 
the mesodenn cells and spongin fibres of many sponges, Metschnikotf and 
other observers have found carmine particles in carmine-fed sponges. It is not, 
however, certain that the flat epithelia co-operate with the choanocytes in this 
introduction. Metschnikoff {loc, ciL^ p. 372) states that Ilalisarca, when 
overfed with carmine, loses its canals and becomes a mass of amcehoid c(‘lls 
containing swallowed matter and surrounded by a common envelope of ectoderm. 
The same fact has been observed by Lieberkiihn* in Spongilla in winter. From 
these observations, and others by Haeckel and Carter, it appears that und(‘r 
certain nutritive conditions the choanocytes may lose their flagella and collars 
(according to Topsent and others these structures are retractile like the pseiulo- 
pods of an Amoeba) and become amoeboid, and the whole sponge may revert to 
the condition of the larva of Aplyshta (F. E. Schulze, Z, /. w. Z. xxx. PI. 24, 
Fig. 30), of a protoplasmic network with nuclei at the nodes surrounded by 
a cortical layer of ectoderm. 

The collared cells are thus inconstant, and appear to be merely parenchyma 
cells si)ecially modified and capable, under certain nutritive conditions, of jjassing 
back to their original form. When they vanish the canal system also goes, and 
the sponge becomes solid so far as the latter is concerned. Inasmuch as the 
parenchyma cells and the ectoderm cells are all connected by their processes 
(except in the cases in which they break away and become amoeboid), it is clear 
that the sponge in this condition, and in the case of Schulze’s larva already 
referred to, is but little more than a multinucleated Protozoon, differing from 
the latter in the greater development of the vacuoles of the central portions, and 
in the presence of a distinct cortical layer of nuclei. 

Skeleton. Skeletal structures are found in almost all sponges 
(absent in certain Hexaceratina and Carnosa), and are of considerable 
importance in the classification. They may consist of calcareous 
spicules, of silicious spicules, or of spongin. Spongin is a horny 
substance, resembling silk in chemical composition. It is usually 
found ill the form of fibres connecting together the silicious spicules 
(many Monaxonida), or foming the entire skeleton {Ccratosa), In 
a few cases it is present as separate horny spicules {Darwinella). 
In the Ceratosa, and probably in other sponges, it is secreted in 
concentric layers by a number of mesodermal cells, called spongoblasts, 
which are found coating the fibres (Fig. 70). In some cases the filnes 
enclose foreign bodies, such as sand grains. In the Monaxonida the 
amount of spongin present is, roughly speaking, inversely propor- 
tional to the number of spicules, and there are all variations between 


• “Beitriige zur Eiitw. d. Spougillen.*’ MuIUt^s Arch.^ 1866. 
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forms witli no spoiigin and fonns with no spicules in the spongin 
fibres {Ceratosa), Which is the priu itive condition — if either is — 
it is impossible to say. The Ceratosa arc an artificial order, its 
families being related to different families of the Halichondriria. 
It may, indeed, be looked upon as an assemblage of halichondrine 
forms, in which the reduction of silica and development of spongin 
have reached their extreme limits. The calcareous and silicious 
spicules are secreted in the protoplasm of the mesodermal network ; 
Sclerohlast is the term applied to the special uninucleated part of 
tlie network in which they arise. They consist of an organic axis 
which is generally continuous through the points of the spicules 
with the adjacent organic structures, and of an organic sheath which 
is presumably a remnant of the parent 
scleroblast. The silicious spicules are 
formed of opal (colloid silica). 

The spicules are of two kinds — the 
large spicules or megascleres (essential 
spicules of Bowerbank, skeletal spic- 
ules of Carter), and the small spicules 
or microscleres (auxiliary spicules of 
Bowerbank, flesh spicules of Carter). 

The megascleres (Figs. 71, 72, and 
78) are embedded in spongin fibres 
which may be either reticulate or 
radiating in arrangement ; or if there 
is no spongin, they are held together 
by strong connective tissue bands. 

In addition there is usually a number 
of megascleres scatterad irregularly 
through the tissues. In the Lithistida the spicules which are called 
desmas are articulated together so as to form a network. The micro- 
scleres (Fig. 73), which are not really sharply distinguishable from the 
megascleres — for the two pass into one another — do not, as a rule, 
take part in forming the supporting skeleton ; tliey are embedded in 
the mesoderm and sometimes project into the canals. The spicules 
near the surface of the body are often differently arranged to those 
of the main skeleton. It is well known that some ^sponges shed 
an immense number of spicules ; and it apj^ears that in many cases 
the spicules are continually being moved towards the surface, where 
they are cast off, and replaced by spicules fi>rmed m the central 
parts of the sponge. 



Fio. 70.— Spongin-flbre of Euspongia 
irregularis (firom PerrierX i*, / axial 
' medulla of the fibre ; sp spongo- 
blasts. 
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The spicules of sponges in the diversity, synimetqr, and intricacy 
of their form, in the perfection and finish of their architecture, 
constitute some of the most astonishing objects in natural history. 
In view of them it is impossible to regard sponges as low in the 
scale of evolution : such finish and such perfection of structure can 
only have been reached as the result of a long process of evolutionary 
changes. While it is pretty clear that the main function of the 
skeletal structures is the support and protection of the s^nge body, 
it is by no means easy to give explanations of the diversity and 
complexity of form which they present The form of the megascleres 
is probably connected with the form of the canal system, with which 
they are in relation (F. K Schulze); but the form and even the 

existence of the micro- 
scleres defies any reason- 
able explanation. By some 
spongologists the small 
spicules are regarded as 
functionless, and as having 
on that account a greater 
value for classificatory pur- 
poses. However this may 
Fia. 71.— Cilcweoni fpicalea of jjj classes of skeletal 

structures are utilised in 
classification, and although no single character is by itself of much 
use for this purpose, the form of the microscleres is perhaps as 
important as the form of the megascleres. 

It is therefore necessary to consider in some detail the forms of 
sponge spicules. 

MSOASCLXEK8. 

There are five principal kinds of megascleres : (1) Manaxans — rod like megas- 
cleres; (2) Tetraxom — megascleres with four axes, proceeding from a central 
point, with four rays ; (8) TriaoTons— megascleres with three axes crossing at right 
angles, with six rays ; (4) megascleres with several axes ; (5) Spheres 

— megascleres in which growth is concentric about the origin. 

Each of these classes contains many varieties, the most important of which 
most be dealt with. 

I. Menazoas, megascleres in which growth is directed from a single origin in 
one or both directions along a single axis. The ray or rays of a monaxon are 
called adines. 

1. Bhabdni, growth proceeds in both directions along the axis — hence 
diadine. The principal varieties of Bhabdus are as follows: — 

With similar ends : 

a. Oxea — ^needle-shaped, pointed at both ends (Fig. 72, 7). 

b. Tomofs— abruptly pointed at each end (S), 
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0. rounded at each end (^)). 

d. knobdike thickening at each end (/0). 

With dissimilar ends : 

e. iV^iwt^2e-4MBea->oxeate externally. 

f. Tylotaxea „ (Fig. 72, 7-J). 

g. Oxydrongyh „ internally. 

h. OxytylcU „ (Fig. 72, 11). 

L 0ieycia(t->external1y ends in two or more secondary actines or tlili 
k. iS<roii^2ochid--ectaotinecladoae. 

1. Tylodad „ „ 

The two latter haye generally three eladi, in which case we have the character- 
istic spicule of the TdraUimllida, the Trime. 

The TrUne consists of the rhabdome, or shaft, and the chidome, whkh consiata 
of the three oladi, a straight line joining the ends of the two cladi is the (herd. 
The sayiUa is a perpendicular from the origin of the cladome to the chord. 



Fia. TS.—Megaaeleres of tbc ManaetintUida and of tbe Tttraetimilida. i, plagiotrlMie ; 
f, 6, protriiene; S, 5, anatricne; k, dichotrisne; 7, oxea; 8, tomote; 9, atrongyle; 19, 
tylote ; if, oxytylote ; if, tylotoxea ; 15, style ; 15, 15, deamas (aftir 8oUu, tnm PerrierX 


Varieties of Trisene ; 

a. Amtricene (anchor)~-cladi directed backwards (Fig. 72, 5, 5). 


b, ProtrioM (Fig. 72, F, d), 
0 . PlagiotriotM (Fig. 72, i), 
d. OHhUrimd 


cladi directed forwards at different angles with 
the rhabdome. 


e. DicAofruens—cladi dichotomous (Fig. 72, 4). 


f. Trichotrume — cladi trifurcate. 


g. Phyllotruxne^mth lamellar cladi, found only in Zdlhidida. 

h. 2 >fMofri«n 5 ~-cladome is a disc in which the separate cladi are not dis- 


tinguishable ; only in Liihisiida. 
i. AmphUriame-^hoth ends of rhabdome end in a trissne. 
k. CenlrotriarM-^iht cladi ariae from the centre of the rhabdome. 
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2. Stjlus, growth proceeds along the axis in one direction only lienee 
monaetUu : 

a. Style — strongylote at origin (Fig. 72, 13). 
h. tylote at origin. 

BeniiM (Fig. 72, 15, 16) are mega.<)cl6re8 which form the skeletal network 

of the LUhisftida, They are usually formed by the deposition of succcssivo 


layers of silica upon an ordinary spicule — the crq)is — the axial rod of wliieh 

is arrested in development. 




When the crepis is a mo- 
naxon wo get a rhabdocrejdd 
desina^ and when a tretraxou 



Flo. 73.— MicrosoI«*rei (from Perrier, after SolUs). 1, 
globule; spires; 4,5, 7, sigmas; (», micro- 

triod ; trail M lion between sigma and microtriod ; 9, 


the desma is callcil tclra^ 
erepid. 

II. Tetraxons are inoga- 
sclercs with four actines 
inclined at an angle of 
about 110*^ to one another. 
Growth proceeds in one 
direction only along each 
of the four axes. There aio 
two kinds: (a) the ca/Z/tro/Av, 
when all four actines are 
present ; and (b) the iriid 
(Fig. 71), when one actinc 
is 8uppre8se<l, the remaining 
three lying in one plane. 
The trio<l is characteristic 
of the calcareous 8[K)nge«. 

III. The Triazons (Fig. 
78) are megascleres with six 
actines, consisting typically 
of a system of three eipial 
axes intcraccting at right 
angles. They are character- 


toKa , 10, spiitils; It, microstroiigyle ; /f, spirsHter; istic of HconiclituHida. 


25, aiophiastcr ; /4, nietastcr; 15, 16. plesiastcr ; 17, 
cliiaster; lf>, spirastcr; 19, sainidaster; fO. antlioster ; 
f/, niicroiea , Jl, oxyaster; S5, microxea; f4, iiiicro- 
triod ; orttHj<lr.i)'ina ; S6, monolopbous niicrocal- 
throiis; t7, dilopiioun iiiicrocalthrops ; S8, simple 
microcalthrops ; tO, elongated aterraster; 50, trilo- 
phous microcalthrops ; 51, tetralophous inicrocalihro|w ; 
Si, sphenater ; 55, centrotylote ; 54, sterracter ; 55, 
candelabrum ; S6, pycnaster ; S7, microstrongyle. 


IV. Polyazons are mega- 
sclcrcs with several axes 
proceeding from a centre. 

V. Spheres are imga- 
sclercs in which growth is 
concentric round a central 
point. 


MICE08CLSKES. 

Kicroscleres (auxiliary spicules of Bowerbank, flesh spicules of Carter) are of 
two chief kinds (Fig. 73). 

1. Spires are microscleres with a spiral twist There are many varieties, of 
which we may mention : 

a. Sigmaspire — a C- or S-shaped spicule according to the as[iect (2, 3). 

b. Sigma — a C-8hai)ed spioulc, not spirally twisted (5, 6, 7). 

c. Toxa — a bow-shaped spicule, not spirally twisted (9). 
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fl. — a more or less curvcil shaft, bcaiiii;^ at cat h end a variable number 

of rccurv<‘d procesht s, 

2. Alters are nniltiaciiiiato microsclcrcs. There arc two chief kiiuli ; (A) 
oiitrrs or eifastrrs, in which (lie actincs pror-ced from a centre, ami (B) Urq)t’ 
aslrrSj in which the actines prot^ced from an axis which is usually spiral. 

A. Enasters arc in many varieties; but of these nt(Kl only note the 
stermsUr^ in whitih the actines arc numerous and srddercil to^^ether by sub- 
sc<(iu>utly deiK)sitc<l silica, which extends almost as far as their extremities (fd). 
Other varieties arc the chutster (17), the pycnasler (S6), the oxyaster (SS), and 
the splicmster (32). 



Fio. 74.— I>ovelopui»‘nt of Sycon mikanu* (after F. K. Soh ). «> nj»e ovutn ; 6, stage with 
four .sr;;iiu:itts ; c, wiUi sixteen aegiiieiits; ft, blustosplierc with Inr^eOaik granular 

c<*1Ih at the upeii iH)le; r, free swiiiiniing larva, one halt' of the liody (cn<lodennal) being 
oi long ciliute<l celts, (he other (ectoilerinal) of ^arge granular 

B. The Streptasteri arc also various. There arc the si)irn'<(er [12), the 
vietasler (14), tin plcsiasUr (15, 10), the saniUtulcr (19), and the umphuistcr (Jfd). 
In the amphiastrr the actines form a whorl at each end of tint axis, vrhich is 
straight. 

C. Beduoed asters, in which the actines are few and variable. Thus get 
microrhabds, viicrocalthrops (26- SI), microiriods ( 24 \ There are 8evei*al varieties 
of the microcalthrops dejtcnding on the branching of some of the actines. 
Thus there is the viomloplioas microcalthrops (SO) with one cladose (branched) 
actiue, the dilopkowt (S7), trilophous (SO), and Ulralophous (SI) mierocalthroi)s 
with two, three, and four cladose actines. The candelabrum (S5) is a tetralophous 
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miorooalthrops, in which one aotine differs from the three others, which are 
similar to one another. The hacUlu$ of Carter is a uiioroetrongyle. 

Ikapkidea are long haii^like mioroaoleres not in sheaves. 

Brafmaa are mioroeolerea, several of which are secreted in a single cell or 
soleroblast. Thej lie in sheaves. 

Triskedsl is a term applied to anj hairdike spicole. 


Sexual leproductioA was first demonstrated with certainty by 
lieberkiihn for SpongiUa^ but more recently has been shown to 

exist throughout the 
group. In most cases 
the ova and sperma- 
tozoa seem to reach 
maturity at different 
times in the some 
sponge. The sperma- 
tozoa have a small 
head, and lie in small 
spaces lined with 
cells. The ova, like 
the mother -cells of 
the spermatozoa, are 
modified cells of the 
mesoderm. They are 
naked amoeboid cells, 
and are fertilised and 
undergo their first 
development in the 
mesoderm. They 

leave the sponge by passing into the canal -system os ciliated 
larv», which after a brief free-swimming life attach themselves and 
develop into a young sponge. 



Flo. TSw— *To«iif (after F. B. SdLX 0 oaeulum, or 

> apertnra; P porta (Inbaltiit) the wall 


An invaginate gastrula ia sometimes fonned {Sycon^ (hcarclla^ Fig. 76), in 
which case it is observed that the 8pouge-larva attaches itself by the blastopore 
surface, and develops the osonlnm as a new formation. In other cases a solid 
momla is formed. The recent important researches of Delage* have sliown that 
the iiKKle of development first revealed by the researches of F. E. Schulze in the 
Otdearta is found throughout the group. According to the results of these 
observers it appears that the locomotive cells of the larva, which are the first 
diHsrentiated tisanes (Fig. 74 e), become internal and transformed into the 
flagellated cells of the endoderm, while the other cells, more or less indifferent 
in the larva, become transformed into the ectoderm and mesoderm of the adult 
Asexual lUfiuAustiou is found throughout the Porifera, The presence of 

• " EmUyogniia dM J^pongM .to.” Arck. ZtxA. tapir. H gin. Tom. x., 1892. 



DmLOPMBKT. 


87 


more tliin one osculum is often regarded as a case of incomplete bndding. 
More unequivocal cases are, however, fhmished by the external budding found 
in Tkma^ TUhya^ LopKooalyZy Folymatiia^ O^cartUa^ etc., and the internal 
budding, known as the formation of gmmula^ found in fresh -water and in some 
marine sponges (Topsent). Geramules are masses of parenchyma cells containing 
yolk grains and surrounded by a shell composed of a thick cuticular layer, to 
which silicious structures are often added. The shell possesses an aperture or 
micropyle, and the whole structure is to be regarded as a portion of the mesoderm 
cut off from the rest of the spnge. In Sp(mgilla the shell contains the 
characteristic spicules known as smphidiscs (Fig. 78, 9). 

That the power of asexual increase and repair of lost parts is probably a 
widespread phenomenon in the group is indicated by the fact that sponges can 
be propagated by artificial fission. It has been attempted, with a certain amount 
of success, to utilise this property for the purpose of increasing the number of 



Fio. 76 -SactioM through three stages of the derelopnieni of FeUimrea (Oicoitila) hbuloHt 
(after 0. He{der)i. a, gastrula after iU fixation; fonnatiofi of mtaoderm; e, dereiopment 
of the oeculum (Oa), and of the fiagellated chamben ; K, inhalent pore. 


marketable sponges in the Mediterranean and in other sponge-growing seas. 
The marketable sponges belong to the species Suspongia officinalit^ ths Turkey 
or Levant sponge; Hippoipongia equina^ the horse sponge; and Eutpongia 
n'mocm, the dmocoa sponge. They occur all along the Mediterranean coast to 
a depth of 200 fathoms, and in many other parts of the world. The sand found 
in new sponges is sn adulteration to increase the weight 

Sponges are found all over the world and at all depths of the 
ocean. One family only {SpongiUidm) is found in fresh-water. The 
TetraciineUida are found in deep and shallow water ; but when in 
deep water, generally near land. The MonaxarUda^ which comprise 
by far the greatest number of living sponges, also cling to the land ; 
while the Hemdinellida^ though found in the middle of the great 
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oceans, are more numerous near the land. The H^^xtctincllida are 
mainly deep-water forms, the characteristic depth being botwoen 
200 and 1000 fathoms. For the Tetractincllida the characteristic 
depth is 50 to 200 fathoms, thougli they are also found in shallow 
water. The Calcarea and Ceratosa are mainly shallow-water forms 
(to a depth of 200 fathoms). The Monaxoniday though character- 
istically inhabitants of shallow water, are found in considerable 
numbers at all depths. The deep-sea Monaxonida are distinguished 
by their symmetrical and definite shapes. 

All spongologists agree as to the immense difficulty of classifying 
sponges. Not only are the boundaries of the great groups difficult 
to lay down, but the limits of species, and even of genera, often 
defy definition. Almost all characters are highly variable, and the 
number of intermediate forms and of collateral affinities is immense. 
On the whole we may distinguish thiee main types, which we sliall 
exalt to the dignity of classes — not because they deserve that rank, 
for they do not; but because the term fits in more donveniently 
with the terminology generally used for the group. The three 
classes are as follows : — 

Calcarea. With calcareous spicules and large choanocytes. 

Order 1. Calcarea, 

Triaxonia. With triaxonic (sex-radiate) spicules and large flagel- 
lated chambers. 

Order 2. HexactinelHda, 

„ 3. HexaxercUina. 

Demospongise. Without triaxonic spicules; with small choano- 
cytes and ciliated chambers ; skeleton of silicious spicules or spongin, 
or both combined. 

Order 4. Tetractinellida, 

„ 5. Camosa. 

„ 6. Monaxonida, 

„ 7. Ceratina, 

While these groups stand out fairly sharply, their division into 
sup-groups, or orders, as we must call tliem, is fraught with some 
difficulty. This is particularly the case with the DemospongicBy 
which include the great majority of living sponges. 

The sub-divisions of the Demospongiae must be regarded as entirely artificial, 
and only to be established for the convenience of the student. The four orders 
into which we have divided the class are by no means sharply marked off from 
one another, nor do they form a single series, but rather three or four series 
running parallel to one another, and connected together at several points. In 
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fact, if we had to set forth in a pictorial manner the true affinities of the 
families of this sub-class, we should be obliged to use a network or, better still, 
a spongework, rather than a tree or a line, because so many of the families 
present affinities of apparently equal importance in more than one direction. 
And this applies with equal force to genera and species. If this view of a 
reticular arrangement rather than that of a tree arrangement were generally 
held, we feel assured that a good many of the difficulties of sponge classification 
would be disjioscd of. It is the genealogical tree idea which makes the difficulty. 


Fossil sponges are found in various formations, in the chalk, 
and these remains appear to differ considerably from those now 
living. The Hexadinelliday however, agree so fully with the ancient 
forms that they miglit be direct descendants of them. Finally many 
of the principal groups extend back into the palaeozoic age, in which 
the Lithistida and Hexactinellida especially are found in the most 
uucient Silurian strata. ■ 


Class I. OALOAREA.* 




Sponges with a calcareous skeleton and large choanocytes. 


Onler 1. QjjigARB^ 

With the characters of the class. 


Sub-order 1. HOMOCffiLA. 

Calcarca without flagellated chambers; the internal surface entirely l^d by 


collared cells. 

Fam. 1. Asconidas. Gastric cavity a simple sac, 

Polejaeff and Dendy both unite 
all Uomomla in one genus, for 
“ the spicules of the Calcarea^ 
being very variable in every direc- 
tion, could not serve as a basis 
for the distinction of genera.” 

HaeckeFs genera therefore go. 

^ndy distinguishes three sections 
of the genus; (1) ttynthus tyiHJS 
which do not form colonies, or, if 
they do form colonies, in which 
the individuality of the members 
of the colony (Ascon- persons) is 
always recognisable (Fig. 77) ; A) 
colonies the members of which 
anastomose and form a network ; 

(3) colonies consisting of a central 
radially budded off. 


Letixosolenia Bow. 



Fio. 77.— Section through an Ascon-colony, 
diagrammatic (after Haeckel). 


Ascon tube from which other tubes are 


* A. Dendy, “A Monograph of the Victorian S[)onges,” part 1. Transactions 
of the Boyal Society of Victoria^ vol. 3, part 1. A. Dendy, “Observations on 
the Structure and Classification of the Calcarea Heterocoela.” Q.J. M. S.y vol. 
35, 1893, p. 159. N. Polejaeff, “Reprt on the Calcarea.” Challenger BeporU^ 
vol. 8, 1883. 
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Sub'Ordor 2* HJBTX&OCCELA* 

Calcareous sponges in which the collared cells a^e confined to more or less welU 
defined JlagellcUed chambers, 

Fam. 1. Leucascidae. Flagellated chambers branched, opening into exhalent 
canals which converge towards the oscula ; their outer ends covered over by a 
dermal poriferous membrane. Skeleton of irregularly scattered radiate spicules. 
Leucascus Dendy. 

Fara. 2. Sycettidss. The blind outer ends of the flagellated chambers pro- 
jecting freely on the surface and not covered by a dermal cortex. Chamber 
skeleton articulate. Sycetta H. ; Sycon Risso ; Sycantha Lendf. 

Fam. 3. Grontiidse. With poriferous dermal cortex covering the chamber 
layer; without subdermal sagittal triradiates. Chamber skeleton varies from 
regularly articulate to irregularly scattered. Grantia Fleming; Ute 0.8,; 
Ulclla Dendy; Anamixilla Pol.; Sycyssa H. ; Leucandra H. ; Lelapia Gray; 
Lcucyssa H. 

Fam. 4. Heteropidae. With poriferous dermal cortex ; with sulxlermal 
sagittal triradiates. An articulate chamber skeleton present or absent. 
Grantessa Lendf. ; Hetcropia Carter ; Vosmeeropsis Dendy. 

Fam. 6. Amphoriscidse. With poriferous dermal cortex ; conspicuous sub- 
dermal quadriradiate spicules with inwardly directed apical rays are present. 
Heteropegma Pol. ; Amphoriscus H. ; Syculmis H. ; Leudlla H. 

Class n. TRIAXONIA. 

With triaxonic {sex-radiate) spicules and large flagellated chambers. 
Order 1. Hexactineluda.* 

Sponges with very loose soft parts, and with silicious spicules which 
are either isolated or united into a connected frameworh, and belong 
or are reducible to the triaxial system. Canal system simple, loith 
syconate chambers. 

In the Hexactinellida the ectoderm is a thin layer containing 
nuclei, hut without discernible cell outlines. The lining cells of 
the flagellated chambers project into the cavity of the chamber, 
and stand some distance apart from one another. Their bases are 
connected by basal strands which are apparently processes oi the 
cells themselves. No flagella or collars have so far been detected, 
but there can be but little doubt that they exist as in other sponges. 

The spicules contain a central canal filled with a soft granular 
substance which is continuous with adjacent structures through 
openings at the end of the rays. These are closed when the spicule 
has ceased to grow. The spicules (Fig. 78) typically consist of a 
system of three equal axes intersecting at right angles, and variations 
in this typo are due to the unequal development or branching of 

* F. E. Schulze, “Report on the Hexactinellida.*’ Challenger Reports, 
ypl. 21, 1887. 
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the rays, or to the suppression of some of them. The variations 
in tlic form of spicule may be classed in six main groups — hexacts 
(Fig. 78, 2 \ j>entact8, te tracts, triacts { 7 ), diacts, and monacts. 
The spicules when united are generally bound together by a fine 
laminated silicious substance. 



Fio, 78. —Spicules of Hexaetinellida. /, an auto-gastral plnnlns of Sympagelta nvx; f, hexact 
of Jlolascus JibuUUns to which are applied small diacts ; 3, plnulus of Caulophcicus latus ; 
4, peutact pinulus of Uyalonema lusiUinicuvi ; 5^ discohoxact of Tiegeria pulchra; 5, disco- 
hexacterof Dktyoca/yx gracilis; 7, triad of Ilyaloneyna gracilU; scopulaof EureU semper i ; 

9f ainpliidisc of Uyalonema Sieboldii. (From rorrier after Schulze.) 


ProBtalia are the spicules which occur over the outer surface of the si>onge. 
They are of three kinds ; hasalia or rooting spicules, pleuralia at the sides, 
and marginalia round tlio osculuin. 

Dermalia are spicules in relation with the bounding membrane of the sponge. 
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and are of two kinds : autodermalia in the dermal membmne, and hypodcrrnalia 
beneath the dermal membrane. 

Oastralia are spicules on the gastral membrane or membrane lining the 
central chamber of the sponge. 

Parenehymalia are spicules in the parenchyma. 

Bietyonalia are the parenehymalia which become fused to form the con- 
tinuous skeletal framework of the Dictymina, 

Synaptienla are bridges of silica connecting neighbouring spicules. 

OzyliexaetSy hexacts with axes running to a point. 

Biiaoliezaeta, hexacts with axes enlarged at the extremity. 

Hezastera, hexacts with axes branching into rays at their extremity. 

Pinnlns, a pentact or hexact in which one ray beai'S oblique lateral teeth 
or prickles (Fig. 78, 7). 

Amphidises, a diact at each end of which a convex expansion occurs, which 
bears six or more backwardly bent marginal teeth (Fig. 78, 9). 

TTnoinate, a straight rod, pointed at both tads and beset all over with barbs 
pointing in the same direction. 

Clavula, a rod which bears at one end a club-shaped or transverse discoidul 
ex]iausion. 

Seopnla, a rod which bears at one end a number of rays. 

Sub-order 1. IYS8ACINA. 

HexadvMllida in which the spicules either remain altogether isolated^ or are 
in part subsequently and irregularly united by silicious matter or transverse 
syruipticula. 

Tribe 1. HEXA8TEB0PH0EA. Hexasters always present in the parenchyma. 
The ciliated chambers are sharply separated from one another, and thimble- 
8ha|)ed. 

Fam. 1, EnpleotellidsB. Dermal skeleton contains sword-shaped oxyhexacts 
with long proximal ray. Euplectella Owen ; Rcgadrella 0. S. ; Holascus F. E. S. ; 
Malacosaccus F. E. 8.; Tcegeria F. E. S.; Walteria F. E. S. ; Habrodictyum 
W. Th.; Eudictyum Marshall; Dictyocalyx F. E. S. ; JRhabdodictyum 0. S. ; 
Bhabdopectella 0. S. ; Hertwigia 0. S. ; Hyalostylus F. E. S. 

Fam. 2. AieoneiiiatidsB. The dermal and gastral skeletons contain pentact 
or hexact pinuli. The hypodennalia and hypogastralia are pentacts with 
parenchymal discohexasters. Asconema S. Kent ; Aulascus F. E. S. ; Sympagella 
0. S.; Polyrhabdus F. E. S.; Balanites F. E. S.; Caulophacus F. E. S.; 
Trachycaulus F. E. 8. 

Fam. 3. Bossellidas. Dermalia always without a distal radial ray. Lnnu^ 
ginella 0. S.; Polylophus F. E. S.; Rossella Carter; Acanthascus F. E. 8 ; 
BaihydorusY, E. 8.; Rhabdocalyptus Y , E. 8.; Craieromorpha Gray; Aulochone 
F. E. 8 . ; Caulocalyx F. E. 8 . ; Aulocalyx F. E. S. ; Euryplegyna F. E. 8. 

Tnbe 2. AMPHIDI8C0PH0BA. Amphidises always present in limiting 
membranes. Parenchyma without hexasters. Anchoring basalia always present. 
Chambers not thimble-shaped nor sharply marked off from one another, but 
forming irregular diverticula of the membrana reticularis. 

Fam. 1. Hyalonematidae. Both dermal and gastral membranes contain 
numerous pentact pinuli. Hyalonema Gray; Pheronema Lcidy; Polwpogon 
Wy. Th.; Semperella Gray. 
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Sub order 2. BICTTOVllA. 

Jhmclindlida in which the large parenchymal hemcU are from the first nwre 
or less regularly united as didycnalia in a firmly comucted framework. 

Tribe 1. UKCIKAXAKIA. With uncinates. 

A. With clavulee. 

Fam. 1. Farreidae. Farrea Bow. 

B. With radially disposed scopvdm. 

Fani. 2. Euretidae. Eurcte Carter; Periphragella Marshall; Le/royella 
Wy. Th. 

Fani. 3. Mellttionidaa. Aphroeallistes Gray. 

Fain. 4. CoacinoporidaB. Chonelasma F. £. S. 

Fain. 5. Tetrodictyidaa. Jlexaetinella Carter; Cyrtaulon F. K S. ; Fieldingia 
S. Kent; Sderothamnus W. Marshall. 

Tribe 2. INEBMIA. Without uncinates or scopulie. 

Fain. 1. Maeandrospongidae. Eactylocalyx Stutchbury; Margaritella 0. S.; 
Sclcroplegma 0. S. ; Myliusia Gray ; Aulocystis F. E. S. 

Order 2. Hexacbratina. 

S]>oiajes with large aiid sancular ciliated chambers^ with simple 
canals. Skeleton composed of soft horny fibres^ sometimes accom- 
panied by horny spicules. The skeleton may be absent. 

Fain. 1. Darwinellidaa. Skeleton comprises both homy fibres and horny 
siiicules. Darwinella Fr. Muller. 

Fani. 2. Aplyaillidaa. Skeleton is composed of horny fibres only. lanthella 
Gray; Aplysilla F. E. S. ; Dendrilla Lendf. 

Fain. 3. Halisareidae. Skeletal structures absent; chambers syconate. 
JIalisarca Duj.; Bajulus Lend. 

Class m. DEMOSPONOIAB. 

Witlioid triaxonic spicules^ tvith ssnall zhoanocytes and small ciliated 
chambers. Skeleton of silicious spicvlesy or of sponginy or of both 
combined. 

Order 1. Tbtractinbllida.* 

Skeleton characterised by truvne or tetraxon megasclereSy or lithistid 
desmas. 

The genus Placosjwngia, which is without the skeletal characters, 
is included here because of the presence of sterrasters which are not 
found outside the group. 

Sub order 1. CH0EI8TIDA. 

Tetractincllida in which lithistid desmas are absent^ and the megaseleres are 
never articulated to form a coherent skeleton. 

Tribe 1. SIOMATOPHOBA. Microsclere wlien present a sigmaspire. 

* W. J. Sollas, “Report, on the Tetractinellida.” Challen^r MeportSy vol. 
25, 1888. E. Topsont, “Etude Monographi<iuo dea Swingiaires de France. 

I. Tctractinellida.** Arch. d. Zool. expir. et gin. (3) T. 2, 1894. 
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Fam. 1. Tftillid8B. The characteristic megasclerc a protrijcno. Tctilla 
0. Sohm.; Sollas ; (7ina(^ym Soli. ; CranicllaO* Schni. 

Fam. 2. Samidse. Characteristic megasclere an amphitriienc. Savins Gray. 

Tribe 2. A8TB0FH0BA. One or more of the microscleres is an aster. 

Fam. 1. Theneidas. Microscleres are spirasters or amphiasters, and oxyasters 
or microxeas. Without cortex. Thenea Gray; Characella Soil.; PcecillaMra 
Soil.; Sphinctrella 0. Schm.; Triptolemua Soil.; Stesha Soil,; Ncthca Soli.; 
Placinastrella F. £. Sch. 

Fam. 2. Faohaatrellidae. The chief megascleres are calthrops; triacnos 
absent. Microscleres may be spirasters, spherasters, or microrabda. Pachastrella 
O. Schm. ; Dercitus Gray ; Calthropella Soli. 

Fam. 3. Stellettidas. Euasters always present, but never spirasters or 
sterrasters. With triaenes; without calthrops. Chamber-system aphodal, and 
choanosomal mesoderm sarcenchymatous. Megascleres generally arranged on 
the radiate type. Myriastra Soil. ; Pilochroia Soil. ; Asirella Soil. ; ArUhastra 
Soli. ; StelUUa 0. Schm. ; Dragmastra Soil. ; Aurora Soil. ; Aucorina O. Schm. ; 
Tribrachium Weltner; Tethyopsis Stewart; Disyringa Soil.; Stryphnus Soli.; 
Ecionema Bow.; Papyrula 0. Schm.; Psammastra Soli. ; Algol Soil. 

Fam. 4. Oeodiidae. The characteristic microsclero is a sterraster. With 
trisene megascleres. The sterrasters in the cortex are united together by 
fusiform fibrillated cells. Erylus Gray ; Caminus 0. Schm. ; Pachymatisina 
Bow.; Cydonium Fleming; Qeodia Lamarck; Synops Vos.; Isops Soil. 

Fam. 5. PlacospongidsB. The characteristic microsclere is a sterraster. 
The only megascleres are iylostyles ; trifenes absent. Often placed with the 
Suberitidee (Monaxonid) on account of tylostyles. Placospongia Gray. 

Tribe 3. MEGASCLEBOPHOBA. Without microscleres. 

Fam. Tethyopsillidas. Protelda R. and D.; Teihyopsilla Lcndf. 

Sub-order 2. LITHISTIDA. 

Tetradinellida provided with a coTwisterU skeleton hy the zygosis of modified 
spicules or desmas. 

Tribe 1. HOPLOPHOBA. With special ectosomal spicules, and usually some 
form of microsclere. 

A. Ectosomal spicules as triocnes, Aphodal, 

Fam. 1. Tetracladida. Desma tetracrepid. Theonella Gray ; Discodermia 
Bocage ; Eacodiscula Zittel ; Kaliapsis Bow Neosiphonia Soil. ; Rimella 
0. Schm.; Collinella 0. Schm.; Sulcastrella 0. Schm. 

Fam. 2. Corallittide. Desma monocrepid with crepis as monaxon) 
and tubcrculated. Aphodal. Corallistes 0. Schm. ; Macandrewia Gray ; 
Doedalopelta Soli.; Heterophymia Pomel ; Callipelta Soli. 

Fam. 3. Pleromidss. Desma monocrepid and smooth. Aphodal. Plcroma 
Soil,; Lyidium O. Schm. 

B. Ectosonval spicules as microstrongyles or modified microstrongyles (discs). 
Des^nas monocrepid. 

Fam. 4. Meopeltidae. Ectosomal spicules as monocrepid discs. Neopelta 
O. Schm. 

Fam. 5. Scleritodermidae. Ectosomal spicules as micr9strongylcs and the 
other microscleres as sigmaspires. Scleritoderma 0. Schm. ; Aciculites 0. Schm. 

Fam. 6. Cladopel tides. Ectosomal spicules as a monocrepid desma highly 
branched in a plane parallel to the surface. Microscleres absent. Siphonidium 
0. Schm. 
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Tribe 2. AKOPLIA. Special ectosomal spicules and microsclercs absent. 

Fam. 1. AzoricidsB. Desmas monocrepid. Azorica Carter ; Trelolophus 
Soil; Oastraphanella 0. S.; Setidium 0. S.; PoriUlla 0. S.; AnvphihUptxda 
0. S. ; Tremaulidium 0. S. ; Leiodermaiiura 0. S. ; Sympyla Soil 

Fam. 2. Anomocladidas. Desma acrepid, consisting of a variable number of 
smooth cylindrical cladi radiating from a thickened centrum. Zygosis between 
the expanded ends of the cladi of one desma and the centrum of another. 
Vetulina 0. S. 

Order 2. Carnosa.* 

Sponges without megascleres ; microsdei'es lelonging to the tetraxial 
type present or absent. 

Tribe 1. MICBOSCLEBOPTEBA. Microscleres are variously modified tetrac* 
tinose asters, candelabras, or minute trisenes. 

Fam. 1. Plakinidae. Witli tetractinose, triactinose, diactinosc asters, and 
sometimes mono-, di*, or trilophous candelabra. Chamber-system eurypylous 
or aphodal ; mesoderm cldefly collenchyraatous. The sponge is divided into a 
hypomere and a spongomere. Plakina F. E. S. ; Placortis F. E. S. 

Fam. 2. Corticidss. Tetractinose asters and candelabras. Aphodal or dip- 
lodal. In part sarcenchymatous, in jmrt collenchymatous. Corticium 0, Schm. ; 
Calcahrina Soli.; Corticella Soil.; Rhacella Soil. 

Fam. 3. Thrombidae. Trichotriaenes, and sometimes a peculiar form of 
amphiaster. Ectusomc thin and not sharply marked off from choanosome. 
Diplodal. Mesoderm densely collenchymatous with numerous large granular 
cells in addition to collencytes. Thrombus Soil. 

Fam. 4. Astropeplidss. With microxeas and asters; the microxeas are 
arranged tangentially to the walls of the canal -system, forming a loose felt ; 
eurypylous ; ectosome not a cortex. Astropeplus Soil. 

Tribe 2. OLIGOSILICINA. With asters only. 

Fam. ChondriUidsB. ChoudHlla 0. S. 

Tribe 3. MYXOSPONQIDA. Without spicules. 

Fam. Gununinidas. Choudrosia 0. S., diplodal rhagon chambers; Oscarella 
Vos., chambers eurypylous and rhagose. 

Order 3. Monaxonida.I 
SiUcious skeleton vnth uniaxial megascleres. 

The Monaxonida are related to the Tetractinellida through the 
Astropeplidce on the one liand, and Plakina on the other. In fact it 
is difficult to see why these forms are placed in separate order's. 

Suborder 1. HALICHONBBIKA. 

Typically non-corticatc ; skeleton usually reticulate ; megascleres usually either 
oxea or styli. 

Fam. 1. Homorraphidas. Megascleres all diactinal, either oxea or strongyla ; 
no microsclera. 

* E. Topsent, Arch. Zool, cxpir, (3), 3, 1895. 

f Ridley and Dendy, “Report on the Monaxonida.” Challenger Reports^ 
vol. 20, 1887. E. Topsent, “ Expose des Principes actuels de la Classification dos 
Spongiaires.” Revue Biologique du Nord de la France, t 4. Id., “La classifi- 
cation des Halichondrina.” Alim, Soc, Zool, France, 1894. 
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Sab-fam. 1. Beniarina. Spicules may be enveloped by a small pro- 
portion of spongin, but are never completely enveloped in it. Halickondria 
Fleming, littoral ; Petrotia Vos.; Reniera Nardo ; Calyx Vos. 

Sub-fam. 2. Cbalininss. Spongin plentiful; spicules enveloped and 
united by it. Pachyehalina Schm.; Chalina Grant; SiphanochoUina 0. 
Schm. ; Cacoehalyna 0. S. ; Chalinorrhaphts Lend. ; Hoplochalina Lend. 

Fam. 2. Heterorraphidm. Megascleres of various forms ; microscleres com- 
monly present, but never chelae. 

Sub-fam. 1. Phlosodiotyina. Sponge massive, with tubular processes 
(fistulse) projecting from it. With a well-marked external rind. Megasclera 
oxea, passing into strongyla in some species. Bhizochalina Schmidt; 
Ouanapia Norman. 

Sub-fam. 2. Oelliinss. Megascleres all diactinal, oxea, or strongyla. 
Microsclera as signiata or toxa ; no rind or iistulse. Oellius Gray ; Qelliodea 
Ridley ; Toxochalina Ridley. 

Sub-fam. 3. Tedaniinss. Megascleres of two forms—monactinal (styli) 
forming the main skeleton, diactinal (tylota or tornota) dermal. Micro- 
sclera as rhaphides. Tedania Gray ; TrachyUdania Ridley. 

Sub-fam. 4. Detmaeellina. Megascleres all monactinal, stylote to 
tylostylote. Microscleres sigmata or toxa, or both. Desmacella Schm.; 
Biemma Gray. 

Sub-fam. 5. Hamaoanthina. Megascleres oxea or styli. Microscleres 
large diancistra, and sometimes others. VomertUa Schm.; Hamacantha 
Gray. 

Fam. 3. Doimaoidonido. Megascleres of various forms, usually monactinal. 
Microscleres always present and always including chelae. 

Sub-fam. 1. Esperellinm. Skeleton fibre not echinated by laterally 
projecting spicules. Esperella Vos. ; Esperiopsis Carter ; Cladorhiza M. Sars, 
megascleres long, often projecting radially, like spines, deep-sea ; Axoniderma 
R. and D. ; Chondrocladia W. Thomson, deep-sea ; Mdiiderma R. and D. ; 
Desmaddon Bow.; Art^inna Vos.; Phclloderma R. and D.; Sideroderma 
R. and D.; lophon Gray; AmphiUctus Vos.; Dendoryx Gray; Forcepia 
Carter ; Yvesia Topsent ; Metonanchora Carter ; Damiria Keller, etc. 

Sub-fam. 2. Eotyoninss. Skeleton fibre echinated by laterally projecting 
spicules. Myxilla Schmidt ; Pytheaa Tops. ; Clathria Schm. ; Ehaphidophlits 
Ehlers ; Stylostichon Tops. ; Microciona Bow. ; Uymeraphia Bow. ; Plocamia 
O.S. ; Plumohalichondria Carter ; Acamus Gray ; Echinoclathria Carter ; 
Agelas Duch. and Mich. ; Echinodictyum Ridley. 

Fam. 4. Axinellido. Skeleton typically non -reticulate, consisting of ascend- 
ing axes of fibres from which arise subsidiary fibres radiating to the cortex. 
Megasclera chiefly styli, to which oxea or strongyla may be added. Microsclera 
rarely present, never chelate. Hyrneniacidon Bow. ; Phakellia Bow. ; Ciocalypta 
Bow. ; AcaiUhdla Schm., Axinella Schm., generally branched ; Raspailia Nardo, 
branched, whip-like; Dendropais R. and D.; Thrinacophora Ridley; Dictyo- 
cylindrui Bow. 

Fam. 6. Sponglllidm. Fresh-water sponges. Asexual reproduction by 
gemmules which are often surrounded by a special kind of spicules called 
amphidiscs. Spongilla Lamarck; Ephydatia Lamouroux; Tuhella Carter; 
Parmula Carter; Heteromeyenia Potts; Ltihomirskia Dybowski; Lesaepda 
Keller; ITrupuapa Carter; PotamolepU MarshalL 
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Sub order 2. SPHTTEAXOPHOEA. 

Usually corticate. MegaacJerea, as a rule, collected in fibres ndiMlljr mmutged 
from the base to the surface. Microscleres, when presen t, as some fotm of aster, 
never a sigma, sigma spire, or chela. 

Tribe 1. AClClTLnfJS. With diactinal megascleres. 

Fam. 1. Epallaeidae. Megascleres as oxeas, and microscleres as sone form 
of asters. Epallax Soli.; Scolopea Soil.; Darypkres Soil.; Amjpkhu SoH.; 
JaUropxis Soil. ; Coppatiaa Soli. 

Fam. 2. StylocordylidsB. Sponge differentiated into a head awd stalk. 
Skeleton in head radiately arranged with a cortical layer of smaller spfCBles set 
radiatcly to the surface. Sjticules in stalk set longitudinally in a dense axis. 
Oxeas only. Stylocordyla \V. Th. 

Fam. 3. Tethyidas. ^Megascleres are strongyloxcas radially arranged. 
Microscleres are spherasters, and sometimes other forms of Euasters. Tethya 
Lam. ; Columnitis O. S. ; Xenospongia Gray ; Magog Soil. ; Sollaaella Lend. 

Tribe 2; CLAVULINJB With monactinal megascleres. 

Fam. 1. Spirastrellidse. Non -boring sponges with numerous microseleres 
(asters, spirasters, or di8oa.sters), typically forming a more or less continuoiis 
dermal crust. Hymedeamia Bow.; Spiraatrella 0. S.; Latrunealia Boeage ; 
Podoapofigia Boeage, etc. 

Fam. 2. SuberitidsB. Without microscleres of the aster type. 

Sub-fam. 1. SuberitinsB. Skeleton not radially arranged. SttherileB 
Nardo ; JVeherella Vos. ; VoUrion Schlegel, etc. 

Sub fam. 2. Polymastinae. Skeleton radially an*angod. FolyMoatia 
Bow.; Nonnan ; Tmioriumy Uendy ; TrichoaUmma 

M. Sars, free-living, deep-sea, symmetrical forms with fringe of hair-like 
spicules for attachment in the mud; Tethyspira Tops., etc. 

Fam. 3. ClionidaB. Boring .s^K>ngcs, generally with microscleres of the aster 
form. Cliona Grant ; Thoosa Carter ; Alectona Carter. 

Order 4. Ceratina.* 

S})onges with a supportunj skeleton formed of ^ongin fibres which 
are without spicules; ciliated chambers saccular or piriform; micro- 
sclei'es present or absent. 

This is undoubtedly an artificial order, and contains forms which 
are more closely allied to various families of the Monaxomda than 
to each other. It includes the so-called homy sponges. 

Fam. 1. AnlenidflB. Vestibular spaces complicated ; ciliated chambers Tory 
small ; skeleton reticulate, formed of more or less areiiiferous homy fibres which 
do not contain proper spicules. Proper echinating spicules may, however, be 
attached to the superficial fibres. Allied to the Desmaeidonidca, AuUna Lewdf.; 
Hyaitella Lendf 

Fain. 2. Spongidae. With small piriform or spherical ciliated ehambers; 
without proper spicules ; not clathrifomi. Allied to the Hrmunrhapkiiaa,, 

Sub-fam. 1. Buspongixiae. Skeletal network close-meshed, fibres sedid, 
generally with foreign bodies in the main fibres. Chalinopsilla Leadf.; 

' * R. von Lendeufeld, A Monograph of the Homy ^nges* Royal Soeielj, 
London, 1889. 

B 
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Phyllospongia Ehlers ; Leiosella Lendf. ; Euspo^igia Brown ; E, officinalis 
L., the fine Turkey or Levant 8|K)nge ; Hippospojigia F. E. S. ; equina 
0. 8 ., the horse sjwnge or common bath sponge. Coscinodenna Carter; 
HeUroncina Keller. 

Sub fam. 2. Aplyiinae. Skeletal network loose, the axis of the fibres 
is occupied by a kind of pith. Jplysina Nardo; Luffaria Pol.; Tlwrect- 
andra Lendf. ; Thorecta Lendf. ; Aplysinopm Lendf. 

Sub-fam. 3. Bnunelluiae. Ciliated chamWrs with long special efferent 
and afferent canals ; fibres thick with irregular loboso surfaces. Druinella 
Lendf. 

Sub-fam. 4. Halminae. Skeleton as a network of slender fibres containing 
at the nodes large sand -grains ; or with a skeleton of loose sand-grains and 
dendritically-branched areniferous fibres Oligoceras F. E. S.; Dysidcopsis 
Lendf. ; Halme Lendf. 

Sub-fam. 5. Stelosponginae. Skeletal network wide-meshed, composed 
of solid fibres more or less fasciculated. Stelospongia Schmidt; Hircinia 
Nardo. 

Fam. 3. Spongalidae. With large saccular ciliated chambers without efferent 
canals, a clear ground substance, and a skeleton of solid fibres without 
proper spicules, but containing sand-grains. Sometimes the fibres are replaced 
entirely by large scattered sand-gi-aius. More closely allied to the Heicror- 
raphidoR than to any family of Ceratina, 

Sub-fam. 1. Phorioiponginae. With niicroscleres. Phoriospongia 
Marshall ; SigmaUlla Lendf. 

Sub-fam. 2. Spongelinae. Without microscleres. Spongelia Nardo; 
Psammopemma Marshall ; Ha4,(stia Lendf. ; Psammoplydlla Keller. 

The deep-sea Ceratosa of Haeckel (Challenger Reports^ vol xxxii., 1889), 
belong to this order. He distributes the forms into four families : 

Anmoconidae, without spongin skeleton ; P^ammioidae, without si)ongin 
skeleton ; the Stannomidae, with spongin skeleton ; and the Spongelidae. Mos 
of them were taken at a depth of from 2000 to 3000 fathoms. 
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COELENTERATA.* 

Radially symmetrical animals loith only one cavity in the body — 
the gastrovascular space — which serves alike for digestion and circula- 
tion. The generative cells are always either ectodermal or endodermal. 

The Coelenieraia, which include polyps, corals, sea-anemones, jelly- 
fishes, etc., are multinucleate animals, in which the greater number 
of the nuclei are arranged in regular layers at the body surfaces, and 
constitute, with the protoplasmic layer which contains them, the 
external and internal epithelia, commonly called the ectoderm and 
endoderm respectively. Between these two layers the protoplasm is 
reduced to a sparse reticulum, without or with only a few nuclei, the 
spaces between the straftds of the reticulum being filled by a gelatinous 
matter, thoye^.f When this intci’posed gelatinous layer is thin and 
inconspicuous, as in most polyps, it is called the supporting lamella, 
or structureless lamella ; when it is thick and bulky, as in some parts 
of the jelly-fishes, it is called simply the jelly. Further, these layers 
are always differentiated to a greater or less extent into functional 
tissues — contractile tissues and nervous tissues ; and nematocysts are 
always present as differentiations of the ectoderm or endoderm, or of 
both layers ; the generative cells are always products of one of these 
layers ; and finally, the ectoderm or the protoplasm of the jelly very 
commonly secretes a skeletal tissue, which may be either cuticular, 
horny, or calcareous. On the other hand, the internal surface of the 
body is not differentiated into organs of circulation, of digestion, or 
of coelom distinct from each other. The vegetative processes are 
performed by the internal surface of the enteric cavity, or gastro- 
vascular space as we shall call it, of which the central part func- 
tions as stomach and intestine, the peripheral as vascular system. 

* R. Leuokart, Zoologisdie Untsrsuchungen, I., Giessen, 1863. G. Chan, 
Coelenterato in Bronn’s Klastm u. Ordnungen, Bd. 2, Abth. 2. 

t Sometimes called the mesoglaea — an unsuitable term, because it suggests an 
ectoglaea and entoglaea, which do not exist. 
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R Leuckart was the first to recognise the importance of these 
characters, and made use of them to separate the Polype and the 
Medusae from the EehinodermSj thus resolving Cuvier’s type of 
Radioda into the types of Coelenterata and Echiiiodermata, 

The Coelenterata are divided into two main sub-phyla, the Cnidaria 
and the Cteiiophora^ distinguished from one another by a number of 
characters, of which, perhaps, the most compre- 
hensive is the presence or absence of nemato- 
cysts. The entire structure of the body is 
generally speaking disposed in radial symmetry, 
although amongst the Cnidaria transitions 
towards bilateral symmetry are sometimes 
apparent. 

Three distinct types of body -form are met 
with amongst the Coelenterataf viz., that of the 
Polyp ; of the Medusa; and of the Ctenophore. 

The Polyp type. The Polyp has the form 
of a cylinder or sac (Fig. 79), of which the 
posterior or lower end is fixed and the opposite 
end is free and pierced by an opening — the 
Fio. Di*gi»ninifttic inouth — placed on a flat or conical prominence 

longitodiraU section of i i t , 

A Jbydroid polyp. 0 — the OTol com or hypodomp^ and leading into 

month ; M entcnc cavity of the body, or enteric space Icoelen- 

Bptnoe or coelenteron ; ^ ' 

jsk ectoderm ; En en- teron). Around the mouth arc placed a numl)er 

dodenn ; T tentacle. regularly or irregularly arranged contractile 

processes — ^the tentacles, which always contain endoderm, either solid 
or traversed by a prolongation of the enteric space. Tlic tentacles 
may be reduced to knob-like warts or be absent altogether 




(siphonozooids of 
the Si ylasferidae^ 
etc.). In rare cases 
{Ara/*hnaeii8, Min- 
yas) the polyp is 
free-swimming. 

The ectoderm, 


fte. so.— *LoiigitadiiiAl feetion thioiigh the nerve ring of Charyb^ which is the part 
den. Si Moee ceUi in the ectoderm ; Gz ganglion cells ; Nf 
nerve-flbrai: 8U rapporting lamella ; E endoderm cells. 

closest relation 


of the polyp in 


with the outer world, possesses, to use the ordinary parlance of 
bistolc^, temerceUs (Fig. 80) provided with sensory hairs ; nerve or 


with branching processes ; epithelio-muscle cells, with 
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Fia. 81 .— EcUxlerm cells of Hydra with con- 
trmctile p^oce^ses (/ju). From Chun, after 
Kleinenberg. 


contmctile processes (Fig. 81) arranged along the long axis of the 
body; and cnidoblasts^ which form the thread -cells, or nematocysts, 
and carry sensory processes, the cnidociU or triggers, projecting on the 
surface. The thread-cells (Fig. 

82) are small capsules consisting 
of a highly refractile cuticular 
material, and containing some 
fluid and a spirally - coiled 
thread. Under certain mechan- 
ical conditions, e,g,^ under slight 
pressure produced by contact 
with a foreign body, these 
capsules suddenly protrude the 
thread, which either fastens on to the causes of the disturbance, or 
pierces it, carrying into it a part of the fluid contents of the capsule. 
In many parts of the body, and especially on the tentacles, which 
serve for the capture of prey, these microscopic weapons are present 
in great numbers, and are often 
grouped in a peculiar arrangement 
to form batteries of thread-cells. 

The endoderm cells arc principally 
concerned with the processes of 
digestion and secretion. They often 
bear cilia for the movement of the 
contents of the gastrovjiscular space, 
and their deeper ends are sometimes 
prolonged into contractile processes 
which are transversely arranged. 

The endoderm of the tentacles is 
sometimes solid, and modified for 
a skeletal function by the develop- 
ment of vacuoles and cuticular struc- 
tures into a form resembling the 
vegetable parenchyma of plants^ or 
the tissue of the vertebrate noto- 
chord (Fig. 83). The food is 
digested in the Protozoan manner, 
being surrounded by protoplasmic processes of the endoderm. The 
digestion is therefore intracellular, and the indigestible ramains are 
cast out into the enteron and ejected through the mouth by the 
help of the cilia of the endoderm cells. 



Fio. 82 .— a, h Nfinatocysts and cnido- 
blasts of CordUojiho) a, with the cnidocil 
of the cell (cnidoblaet) ; c adhesive cells 
of a ctenophore (from Lang). 
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As a rule there is no localised organ for the excretion of the 
nitrogenous waste, but in a few cases deposits of guanin or urea crystals 
may be seen in some of the endoderm cells. Some 


polyps possess pores at the apices of the tentacles or 
through the body wall, which may serve for excretion 
(Fig. 84). 

Asexual reproduction by budding or fission is very 
commonly found. If the individuals so produced 
remain united they give rise to the colonies which 
are so widely distributed amongst the Cnidaria^ and 



which by the continued multiplication of their mem- 
bers may attain a considerable size. 

Sexual reproduction is always met with. The 


Fio. 83. —Altai 
cells from the 
tentacles of 
Campanularia, 


sexual cells arise in the endoderm or ectoderm. They 


sometimes remain at their place of origin {Hydra^ Anthozoa\ but 


often they pass through the supporting lamella and wander to 
, another place where they 


\ 



Pio 84.— Diagranimatic longitadinal section through 
an Anthozoan polyp, passing through an enteric 
pouch on the left side and through a mesentery 
on the right, c perforation in mesentery ; ek ecto- 
d^nn; en endoderm (black); e» excretion -pores 
(cinclides); excretion pore at the end of a 
tentacle ; / pedal disc ; gX enteric pouch ; m wall 
of body : met supporting lamella ; w/ mesenterial 


ripen (most Hj/dromedusae). 

There are two kinds of 
polyps, characterised by the 
structure of the enteric Cavity 
— the Hydroid polyp and the 
Anthozoan or coral polyp. 
As types of the former we 
may mention Hydra with 
its single row of hollow 
tentacles, and Tuhularia 
with its double row of solid 
tentacles. In such polyps 
the gastrovascular space is 
simple, and there is no 
oesophageal tube. 

The Anthozoan Polyps 
are usually of a larger size 
than the Hydroids, and 
possess a more complicated 
gastrovascular cavity (Fig. 
84). In the first place the 
mouth leads into a tube 


which projects into the gas- 

of peristome; tfupportinglamelU of A mesentery; ^ ^ 

ttentMleCfiromChaD). trovascular cavity, and opens 
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into the latter at its lower end. This tube is lined with ectoderm 
and is called the oesophageal tube, or stomodaeum (Fig. 84 oes). 
In the second place there projects inwards from the side walls of 
the body a number of vertical partitions formed of folds of the 
endoderm and a prolongation of the supporting lamella. . These are 
the mesenteries. Internally they are attached to the oesophageal 



Fio. 86.-<-AlcyonarUn polyp {VerttiUum 
eyfumoriwm)t at>m Chun, t pinnate 
tentacles; oet oesophageal tube; m 
mesenterial filaments; f mesenteries; 
s^ i* two adjacent mesenteries with 
feebly dtreloped filaments. 


tube in the region of that structure, 
while below it they end in free 
edges which are somewhat folded 
and thickened and are called the 
mesenterial ridges and Hlaments. 
The mesenteries break up the enteric 



Fio. 8fi.— Diagram of a hexactinian polyp (from 
Chun, after Andres). / pedal disc ; m wall of 
body; p peristome; d edge of peristome; 
t tentacles; o mouth. 


cavity into a number of circumferential pouches which, in the lower 
part of the polyp, open into the central part of tlie enteric cavity 
or stomach, but in the upper part of the polyp where the mesenteries 
are attached to the oesophagus form separate chambers (Figs. 88 and 
89). Each of these communicates above with the cavity of a tentacle 
(Fig. 84). The gastral pouches then are the lieripheral parts of the 
enteric cavity (coelenteron) between the mesenteries. An opening 
may be present in each mesentery just below the oral disc putting 
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the ac^'acent chambers in communication (Fig. 84, c\ Between 
these mesenteries, which join the oesophageal tube and are called 
primary mesenteries^ there may be intercalated mesenteries which, 
as a rule, do not reach the oesopliagus and are called accessory 
mesenteries. There are secondary, tertiary, etc., accessory mesenteries. 

All the mesenteries 



decrease in breadth 
towards the base of 
the polyp (Fig. 89). 

The mouth open- 
ing is rarely round, 
but usually has the 
form of a slit, at the 
two ends of wdiich 
(or sometime.s at 
one end) there is a 
groove lined with 
long cilia. These 
grooves are the 
'K'sopliageal grooves 
or (jonidial yrooves 
( .S' iphonogly piles). 
They remain open 
when the walls of 
the rest of the 
oesophagus are ap- 
plied to one another 
(Figs. 88 and 89). 

The tentacles are 
hollow, and may be*. 


Fio. 87. —Longitudinal section through a Ilexactinian (Phellia 
limicola\ from Chun, after Andre.s a acoiitia; c, d septal 
ostia; g gonad; m./ mesenterial filament; ml longitudii.al 
muscles; o mouth ; o' internal opening of oesophageal tube ; 
oes oesophageal tube : « xirimary mesentery ; d secondary 
mesentery; t” tertiary mesentery; t tentacle. 


smooth (Zoanthariay 
Fig. 86) or pinnate 
(Alcyonaria, Fig, 
85), and are placed 


in one or in several 


rows. Pores may be present at the tips of the hollow tentacles, 
and on the side walls of the body, in which case they are called 
cindides (Fig. 84). In the genus Cerianthus and its allies there 
is a laige aboral pore. The mesenterial thickenings or filaments 
are specially characteristic of the Anthozoa, They consist of thick- 
enings of the endodem containing glancj-cells and thread -cells. 
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In some sca'^anemones contractile fibres — the acontia — arise* from 
the edges of the lower ends of the mesenteries : they are closely 
set with thread-cells and can be protruded from the lateral pores 
(rinclvIeH) in the contraction of the polyp and serve as weapons 
of defence (Fig. 87). 

The muscular system is much more complicated than in Hydroids. 
The muscles are both ectodermal anil endixlermal. The ectodermal 
muscl(‘s of the body wall (longitudinal) are generally feebly developed, 
while those of the j>cristoniial disc (radial) and of the tentacles 
(longitudinal) arc powerfully developed. The endodermal circular 
muscles of the j>cdal disc, the side body-wall, and of the oesophageal 


n 



Fio. 88.— Transverse section through 
an Alcyonarian (after R. HtrUvig). 
R gonidial groove; 1, 2. 3, 4 the 
four pairs of mesenteries with their 
muscles. 



Fio, 89.— Section through an Actiniao (Adamsia), 
after R. Hertwig. N/ the unpaired (dorsal and 
veutral; chambers ; R, R gouidial grooves. 


tube are well developed. To this system there is added a character- 
istic and welUleveloped set of endodermal muscles on the mesenteries. 
Eiich septum is provided on one face witli tian^verse (radial) fibres, 
and on the other with longitudinal (Fig. 90). The lowest section of 
tlie transverse muscles arc often independent of the rest, and pass 
from the side body-wall to the pedal disc (mJ). The longitudinal 
muscles are well developed and cause a projection on the face of the 
mesentery (Figs. 88, 89). While a nucleus is generally associated 
with each of the ectodermal muscular fibres, the eudoilermal muscles 
arc in close connection with the base of a cylindrical epithelial celL 
In correspondence witli the powerful formation of the musculature, 
the nervous systiun reaches a considerable dovelopiucnt. It has the 


106 


COELBNTERATA. 


form of a diffuse plexus of much-branched glanglion cells, which are 
contained id both ectoderm and endoderm between the lower ends of 
the epithelial cells, and are especially developed in the peristome, 



Fio. OC.—Primiry mesentery of a Hexactinlan 
(S tgwrtia parasiiioa)^ and the parts of the body 
to which it is attached, oc Acontia ; c Septa! 
ostinm ; / pedal disc ; n.l longitudinal mns- 
cular fibres; transverse muscular fibres; 
m.p parietal mnscles ; p peristome, t tentacle. 

zoan polyps is almost always radial, 
indicate their 8-radiate structure by i 


tentacles, and oesophagus. 

The Anthozoa are almost 
always dioecious, rarely her- 
maphrodite Ova 

and spermatozoa arise from 
the endodermal cells of the 
mesenteries, and lie in follicles 
in the jelly of the same struc- 
tures. They cause swellings on 
the faces of the mesenteries, 
a short distance from their 
free ends (Fig. 91). Asexual 
reproduction by budding and 
fission is very generally present, 
and often leads to the forma- 
tion of colonies. The Antho- 
zoan polyps are mucli inclined 
to the formation of skeletal 
structures, which consist of 
slimy (Cerianthus)^ homy, or 
calcareous substances. 

The symmetry of the Antho- 
The Octactinia (Alcyonaria) 
heir eight feathered tentacles. 



Fio. M.->Sectioo through the meieotery of an Actiiiian {Bdmrdifa tvbereulata), after 0 and 
B. Hertwig. eit ectoderm ; en endoderm ; m./n)e8enterial filament; m.l section of the pro- 
jection cauaed by the folding of the muscular lamella of the longitudinal muscles, the fibres 
appear as dots ; ov ovary. 


COKLEXTERATA. 


107 



Fio. 92. -Eight-armed Scyphiatoma-polyp with 
wide mouth. M longitudinal muscles of the 
gastral ridges; Cail; chitinous tube. 


and the homy corals (Anii- 
imtharia) their 6-radiate sym- 
metry by their six tentacles; 
mnltiradiate — usually in a mul- 
tiple of six — are the Actiniaria 
and stone-corals Nevertheless, 
hardly a single anthozoan-polyp 
can be found in which all the 
organs are strictly arranged 
accoiding to one and the same 
number. The fact that the 
mouth-opening is not usually 
round, but slit-like, indicates 
an inclination to a biradiate or 
bilateral symmetry, and there 
are transitional forms between 


a strictly radiate and 
a bilateral structure. 
The tentacles rarely 
show a tendency to 
the bilateral arrange- 
ment, but the mesen- 
teries, as shown 
by the arrange- 
ment of the lon- 
gitudinal muscu- 
lar bands, are 
generally grouped 
in a bilateral 
manner (Figs. 88 
and 89). 

The Scypho- 
polyp or Scy- 
phistoma is a 
transitional form 
between the 
Hydro- and An- 
thozoan-polyp. 

It resembles the 
hydroid in the 



Fio. 9S.~491xleen-«nned Scjr* 
phistonm (sllghtij magni- 
fied). Qw gMtim) ridges. 
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absence of the oesophageal tube* and mesenteries, but it recalls the 
Anthozoan-polyp in the fact that the structureless lamella is developed 
into a gelatinous layer, and in the presence of gastral ridges {taenioles) 
or folds of endoderm resembling rudimentary mesenteries, into which 
the jelly is continued. It is somewhat cup-shaped (Fig. 92), and 
is attached by the aboral end which is elongated and naiTOw, and often 
secretes a chitinous tube for fixation. There are eight or sixteen 
tentacles (Fig. 93) round the mouth supported by a central axis 
of stiff endodenn cells. There are four gastral ridges or taenioles 
(Fig. 94), each of which is accompanied by a longitudinal muscle 
derived from the endoderm. 

The Medusa is a free-swimming animal, and consists of a flattened 

disc or arched 
bell of gelatinous 
consistence, from 
the under or swft- 
umbrella surface 
of which liangs 
a central stalk — 
the inanahrium — 
bearing at its free 
end the mouth. 
The greater part 
of the umbrella 
consists of the 
jelly or enlarged 
structureless la- 
mella ; this is 
often traversed 
by protoplasmic 
strands which 

may contain nuclei. In the normal position the medusa swims — 
by the contraction of the bell — with its convex or ex-^mhrella surface 
upwards. The manubrium is frequently prolonged in the region of 
the mouth into lobes and tentacle-like structures, while the edge of 
the umbrella is beset with a variable number of true tentacles. 

In a few cases the medusae are attached by the ex-umbrella surface ; in the 
Lwemaridae (Fig. 134) by a styliforiii prolongation of the aboral pole ; in some 
lihizostomaa by a sucker-like plate of the ex-nmbrella. Some of them can creep 

^ Gotte asserts that there is au oesophageal depression of ectoderm in the 
Scyplio|K>lyp. 





Flo. 94.— Transverse section through the middle pait of a Scy- 
phistoma. ek ectoderm ; en endodenn ; s Jelly (stnictiireless 
lamella) ; ml longitudinal muscle ; ffw gastral ridge; ye enteron 
(from CboD, after Claus). 
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by means of small snckcrs on their tentacles (Clavatella proliferat Ptctanihus 
aMeroides), or can adhere by the suctorial action of their mouth openings 
(Pelagia), and even in rare cases are able to lead a parasitic life (MneMra 
parasitica on a pelagic snail Phyllirhoi hucephala). 


The contraction of the bell is effected by the circular muscles of 
the sub-umbrella surface. The ejection of water caused by this 


contraction drives 
the medusa along. 
The yelom is a mus- 
cular membrane at 
the edge of the bell. 
It consists of a fold 
of ectoderm, and 
assists in the move- 
ment of the medusa 
by elongating the 
umbrella cavity and 
narrowing its aper- 
ture. When the 
velum is absent the 
margin of the bell 
is lobed (Acraspe- 
dote Medusae, as 
opposed to Craepe- 
dote Medusae in 
which a velum is 



present). 

The marginal ten- 
tacles are rarely absent 
(Hhizostoma) ; occasion- 
ally there is only one 
(Uteenstrupia) or two 
(Aeginopsis, Oemclla- 
ria) ; more frequently 
there are four or some 
multiple of four. Occa- 
sionally there are six 
or a multiple of six 
(CarmariTia, Fig. 101) ; or the tentacles may be numerous, in which case they 
are either uniformly distributed round the edge of the bell ( Tiaropsis, Aurelia, 
Fig. 100), or grouped in bundles (four bundles in Bougainvillea, eight in 
JAieernaridae, Fig. 134, and in Cyanea), Occasionally the tentacles are removed 
from the edge of the umbrella, and inserted either on the ex-iimbtella (iVareo- 
medusae, Fig. 96), or on the sub-umbrella (Cyaneidae), The tentacles are 


Fig. 95.— 5artia mirahilit (from Chun, after AgaMizX A erts- 
peclote ocellate medusa buddeii from Coryme mirabilU, c.r 
radial canal ; c c circular canal ; €x.u ez-umbrella ; g manu- 
brium containing the elongated stomach and sunoonded by 
the gonads (manubrial gonads); o mouth; t tentacles; v 
velum ; $.u sub-ambrella. 
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Fio. 96.— Portion of the edj'e of the umbrella of a Narcojuednsan 
(Cunina lativentrii) from Chun, after O. and R. Hertwig. v 
velum ; t tentacles with stiff endodermal axes ; tb roots of 
tentacles ; n.r nerve ring ; n.s radial nerve which passes to the 
base 'of the tentacles; ot marginal bodies; x otoporpa; g.t 
gastral pouches ; c.p, c.p the two peronial vessels ; they form 
originally a part of the circular canal, which in the shifting 
of the tentacles dorsalwards on to the ex-umbrella is festooned 
and opens into the gastral pouches (after Hertwig, from ChunX 


usually hollow and 
unbranched, more 
rarely they have a 
solid endodermal axis 
(Narcomedusaey Fig. 
96, Tesseridm^ Ejphy* 
ridae\ or are dicho- 
tomously branched 
(CladoTiemidm). Be- 
sides the larger main 
tentacles there are 
often smaller inter- 
mediate tentacle.s at 
the umbrella edge 
(Tessera^ Fig. 133). 
Occasionally the ac- 
cessory tentacles are 
confined to the young 
stages and drop off 
in later life, or they 
may become trans- 
formed into the mar- 
ginal bodies. 


In the garStrovascular apparatus a central stomach for digestion, 
and a carrying or circulating system of peripheral canals and pouches 



Fio. 97.— Diagrammatic longitudinal section through a Bhizostoma. U umbrella ; M gastric 
cavity; S sub-umbrella; G gonad; Sh sub-genital pit; F gastral filament; SM muscular 
system of the sub-umbrella; JBgf radial canal; Bk marginal body ; olfactory pit; Al ocular 
lobe ; Sk shoulder tufts, Dk dorsal tufts, Vk ventral tufts of the eight arms ; Z terminal 
parts of the arms. 
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can always be distinguished. The moutli leads directly (Fig. 101, 
Carmarina\ or by a tube into the stomach, and its lips are often 
drawn out into four grooved processes — the oral amis (Fig. 100). 
The edges of the grooves are often frilled, and carry small tentacular 
filaments. 

In Khizostoma the four arms bifurcate (Fig. 97), giving rise to eight, the billed 
edges of which fuse and bring about the closure of the mouth. The fusion is 
not, however, complete, but numerous small openings are left— the suctorial 
raouthletSy in which digestion 
of the food takes place. From 
these openings arise small ves- 
sels, which gradually uniting 
with each other form a system 
of canals passing up the oral 
arms to open into the stomach 
(Fig. 97). 

The stomach is generally 
flattened, rarely elongated 
{LiLceniaria^ Periphxjlla^ Tes- 
sera) in its main axis. Occa- 
sionally it is divided by a 
constriction into two sections, 
an aboral basal section and 
a central stomach (Tessera^ 

PericoJpa^ Periphylla (Fig, 99), 
the stalk tube of Lucernaria), 

Gastral hlameuts (phacellae) 
are highly characteristic of 
the acraspedote medusae, and 
recall the same structures in 
the Anthozoa, as do the gas- 
tral ridges or taeniolcs, which 
to the number of four are 
placed interradially in the 
basal and central stomacli in 
the Lucenuiridae and Tesseri* 
dae (Figs. 98, 99), 

The peripheral part of 
the gastrovascular system 
may appear in the young 
form as a continuous dorso-ventrally flattened space extending 
almost to the edge of the umbrella. iMer the dorsal and ventral 
walls of this space come together along certain radially directed lines 
and fuse with one another, so that the originally continuous space is 
broken up into a number of pouches or vessels, all leading outwards 
from the central stomach. At the places where the concrescence of 



umbrella of a young Liiceruarian (CraUrolophut 
thetys), ek ectoderm ; mes jelly *, en endoilerm ; g 
central stomach ; g' radial diverticula of the stomach 
between the funnels (subgenital pits); g.( radial 
pouches ; se septa ; in/ funnels lined by ectoderm ; 
m.se septal muscles ; fn.i longitudinal muscles of the 
funnels ; gen gonads (after Claus). 
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the two walls occurs the endodemi epithelium is retained in the 
form of a layer of cells called the Tascular or endoderm lamella 
(Fig. 107). 

In many medusae these coiici*e8cent places appear as, four small uptal unions 
{Caikammaiaf Fig 98 se). They delimitate four wide i-adial pouches of the 
stomach, which however communicate with one another peripherally beyond the 
unions by a kind of circular canal. 

In the Lueemaridae and Charybdeidae the septal unions are extended into 
elongated (partitions (Fig. 98, w), the sepla^ which delimitate the four radial 
pouches in nearly their whole extent But the septa never quite reach 

the umbrella edge, so 
that there the four 
canals are connected 
by a narrow circular 
canal. The gastric 
pouches open into the 
stomach by the gastral 
ostia (Fig. 99 gf.o). 

When the four 
places of fusion of 
the dorsal and ven- 
tral stomach walls 
are of considerable 
extent, the gastral 
pouches have tlie 
form of four narrow 
radial vessels ; this 
is characteristic of 
the tetra-radiate 
craspedote medusae. A circular canal connecting them peripherally 
is however retained. 

In many acraspedote medusae there are, beyond and independent of the four 
septal unions, sixteen lines of adhesion between the dorsal and ventral walls of 
the gastric pouches. In some cases the four septal unions are not formed, and 
only the peripheral lines of adhesion appear : in this way the more or less com- 
plicated form of the peripheral gastrovascular apparatus of the Semostomae and 
Jtkizostomae is introduced. Sometimes the adhesion-lines are narrow and extend 
up to the edge of the disc (JPelagidaey Cyaneidae)^ sometimes they are broad and 
leave a circular canal at the periphery. In the first case broad, blindly-ending 
giatric pouches are formed ; in the latter the pouches are reduced to narrow 
vesseb which frequently branch peripherally, or even anastomose {^Axirelia^ 
Fig. 100, ^Tsos^oma). 

A atmilar hranefaiug of the radial vessels occurs also in the Craspedota, The 
endoderm lamella may become secondarily excavated, and thereby new radial 
vessels may arise, vessels dichotomously branching in a peripheral direction, or 





Fiq. 09. — Sec* ion through the central stomach of an acraspedote 
medusa (VeripkylU mlrabilU). u.g umbrella-jelly ; inf the 
four funnels ; g.c basal stomach ; /gastrsl filaments ; g.o gas- 
tral ostia ; tin circular sinus ; kn septal unions ; t gonads. 
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centripetal vessels arising at the umbrella edge and ending blindly (Carmarina^ 
Fig. 101). 

Excretion pores may be present at the umbrella-edge ia both craspedote and 
acraspedote medusae. In the Crasycdo*a (most frequently in the Leptomedum) 
they are placed on warts on the circular canal and open on the sub-umbrella 
surface. The endoderm cells near the openings are of a glandular natitre, and 
contain concretions which are emptied through the pore. In the Acroaptda 
there are eight excretion pores at the distal end of the eight adradial canals. 

The ectoderm which is composed of a flat epithelium on the dorsal surface, 
and of a muscular epithelium on the sub-umbrella surface and velum, is 
thickened and stiiTened along certain lines and contains a large number of 



Fio. ICO.— Aurelia aurita from the ouvl surface. MA the four cral tentacles with the mouth 
ill the centre; GK gonads; GH aperture of sub-genital p.t; RK ma. ginal body; IIG radial 
V ssel ; T inaigiual tentacles. 


nematocysts. An annular thickening of this kind is found round the umbrella 
margin in some forms (Fig. 101), and similar thickenings ascend for a short 
distance on the ex-umbrella surface from the roots of the tentacles— the 
peroniums (Fig. 101, pe ) — and from the roots of the auditory tentacles — 
the otoporpas (Fig. 96, a;). The peroniums and otoporpas are continuations of 
the first-mentioned circular thickening. 

The gastrovascular apparatus is lined by endoderm, which in places carries cilia 
for the movement of the contained matter. The digestion seems to be, partly 
at least, intracellular. The endoderm is without muscular structures and nema- 
tocysts, except on the gastral filaments, which are actively movable and contain 
both. Possibly the four longitudinal muscular bands, found beneath the four 
taenioles and septa in some acraspedote medusae, are of endodermal origin. 
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The nervous system has the form of a plexus of multipolar 
gsinglion cells placed between the muscle-fibres and the ectoderm 
cells. In addition to this peripheral plexirs there are special 



Fio. lOl.—Caraiariiia f(7ff'yoniaJ hastata (from Cbon, after Haeckel)— a sex*rad*ate Traclio* 
medanaii. $.% tab-uinbrella ; a manubrium; v velum; n uerve-ring; rv circular vesiel; 
ea thickened tract of ectodenu at edge of bell ; i marginal tentacle ; mu interradlal longitu- 
dinal mueenlar bande of the manubrium ; o mouth ; g etomaeh ; er one of the six radial 
canals; ov ovaries on the sub-umbrella-wall of the radial vessels; exp centripetal, blindly 
ending radial vessel ; pe peronlum. The tentaculocysts are shown near the base of and 
between the tentacles. 
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aggregations of nervous tissue in certain regions. In the craspedote 
medusae there are two annular nervous tracts in the ectoderm at 
the base of the. velum, one on each side of the supporting lamella 
(Fig. 102 n\ It'). They consist of ganglion-cells, nerve-fibres, some 
of which perforate the supporting lamella to put the two rings in 
commi 2 ni<mtion, and of sensory epithelial cells bearing stiff projecting 
sensory hairs, and ending internally in fibres which pass into the 
nerve-rings. 

In the Acraspeda there is a special aggregation (Fig. 103 F) of the nervous 
tisane, of the same structure as the nerve-rings of the Craspedotay round the 
haae of each of the sense tentacles (marginal bodies, or rhapaZia) ; and in the 
Charybdeidae there is a sub -um- 
brella marginal nerve with a zigzag 
course connecting together these 
rudimentary ganglia, which in the 
other forms are apjwirently inde- 
pendent of one another. In the 
Acragpedotay pits — the so-called 
ol/adory pits — lined by a sensory 
epithelinm are found on the edge 
of the umbrella above the marginal 
bodies (Fig. 103 R). 

At the edge of the um- 
brella are always placed special 
sense organs — the marginal 
bodies. They are of two 
kinds — those which by their 
structure indicate an auditory 
function, and those which 
indicate a visual purpose. In 
the craspedote medusae they 
arc mutually exclusive, so that 
we find ocellate medusae with 
sense organs of the visual 
type and vesiculate medusae with sense organs of the auditory type. 
In the Acraspeda the marginal bodies may carry organs of both 
types. 

The aense organs of the auditory type always contain concretions— the 
ctoliiks — of an organic or inorganic material, which concretions are contained 
inside cells ; and two types of auditory organ are distinguished according as 
these concrements are contained in cells of the ectoderm (Fig. 104) or in cells 
of the endoderm (Fig. 105). In the Craspedota we find auditory organs of both 
types. In the Leptorrudnsae they consist of ectodermal pits, which may be 
dosed into vesicles, on the under side of the base of the velum ; some of the 



Fio. 102. — Diagrammatic transverse section 
through the edge of the umbrella of Carmarina 
haatata (from Chun), v velum ; st supporting 
lamella of velum ; mu circular muscles of velum 
in section ; a' lower, n" upper nerve ring ; n.w 
thickening of the ectoderm of the edge of the 
umbrella ; c.r radial vessel ; r.k circular vessel ; 
en solid cord of endoderm beneath the peroniuni 
pe ; ot tentaculocyst ; n.oc auditory nerve ; ga 
umbrella jelly. 
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ectodenn cells of the pit or vesicle contain otoliths, while others bear sensory 
hairs (Fig. 104). In the other type, found in the Trachomedusae and Narco- 
midtiMCf the auditory organs have the form of short reduced tentacles of the edge 
of the disc, containing a solid endodermal axis and surrounded at their base by cells 
bearing long auditory sense hairs. The otoliths are contained in the endodcrm 
cells of the tentacles. These sense tentacles may project freely on the surface 
[Aeginidae, Fig. 96), or they may be sunk in pits, or the pits may be closed 
and they may lie in vesicles embedded in the jelly of the umbrella (Fig. 102), in 
which case they may be fitly termed tentaculocysts. In both types the hair- 
bearing sensory eells are prolonged into fine fibres which join the nerve rings 
(Fig. 105). 



Fio. 108 — Section through the olfactory pit (B), the sense tentacle (marginal body), and its 
nerve centre of Aurelia auriia. L lobe of umbrella covering the sense tentacle ; P eye-spot ; 
Ot otoliths in the endoderm of the sense tentacle ; Z endoderm cells after solution of the 
otoliths ; Sn endodenn ; Be ectoderm with the underlying tissue of the nerve centre F, 


The eye-9poU of the Craspedota (ocellate medusae or AiUhomedusae) consist of 
a pigmented patch of ectoderm cells just dorsal to the insertion of the velum ; 
a lens-like cuticular thickening over them is sometimes developed (Lizzia), 
The ectoderm patches contain two kinds of cells, namely peripheral cells with 
pigment surrounding some colourless cells, the bases of which are prolonged into 
nerve fibres. 

The marginal bodies of the Acraspeda or the rlK^alia are absent in the 
Tt$$erid<u^ and in most Luumarida^, When they are present they have the form 
of short marginal tentacles and are distinguished from those of the Craspedota 
by the fact that they contain a hollow prolongation of the gastro vascular system, 
and are covered on the dorsal side by a hood-like prolongation of the umbrella 
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(hence Steganophthalmatay Fig. 103). In some iMurnaridat the marginal bodies 
are present as the so-called marginal anchors {HaliclystriSi Fig. 134). There are 
eight of them, four being called radial in position, and the other four interradial ; 
they are placed respectively between the eight marginal lobes. They end in a 
small swelling with thread cells ; their middle portion is surrounded by a kind 
of collar formed of sticky glandular ectoderm cells, and on the sub-umbrella side 
of their basal part is an eye-spot. 

In other Jicraspeda the endoderm at the end of the sense tentacle is thickened 
and loaded with concretions, and the ectoderm round its base is columnar and 


provided with cilia and sense hairs (Fig. 
these cells form a nervous network, with 
tentacle (Fig. 103, F). 

Visual organs are sometimes present in 
this sensory epithelium. They are most 
complicated in Charybdea^ where there 
are two large terminal eyes with a retina, 
vitreous humour, lens, and cornea. 



Fio. 104.— Sense organ on the 
nerve-ring and circular vessel 
of Octorchis (after the Hert- 
Avigfl). Kb Sense organ; 0, 0 
two otoliths ; Jlh auditory 
hairs; Hz auditory cells; Nu 
upper nerve-ring; Kg circular 
vessel (type of Vesiculata). 


103). The fibrillar continuations of 
ganglion cells, round the Iwwe of the 



Fio. 105.— Tentaculocyst of Geryo- 
m'a (after O. and R. Hertwig). 
N, N' the auditory nerves; Ot 
otolith ; Hz auditory cells ; Hh 
auditory hairs (type of the Tracho- 
mzduscu). 


Eeproductive organs. The medusae are almost always dioecious, 
only in rare cases are they hermaphrodite {Chrysam'a). 

The sexual cells of the Cra^ipedota appear always to arise in ectodeim, 
and those of the Acrasjjeda in endoderm. In the Anthorriedtisae they 
are developed in the ectoderm of the manubrium (Fig. 95) in four 
radial streaks, each of which later splits into two. In the other 
Craspedota {Lej^tomedmae) they are placed in the ectoderm of the 
sub-umbrella beneath the radial canals (Fig. 106). It appears, how- 
ever, that in many medusae (Obelta) the generative cells arise in the 
ectoderm of the manubrium, and then later migrate to the ecto- 
derm below the radial canals, where they occasionally wander into 
the endoderm and ripen partly in the ectoderm and partly in the 
endoderm. 

Ill tlie Acraspeda the sexual cells arise in the endodermal walls of 
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the central stomach or gastral pouches. They are interradially* 
placed, and have the form of four horseshoe-shaped glands, which 
may secondarily divide into eight adradial halves. In all cases the 
sexual cells are dehisced into the enteron and pass out by the 
mouth. 

In connection with the genital glands there are very generally 
present ectodermal invaginations in the form of pits of the sub- 
umbrella surface. These pits are for i*e8piratory purposes, and 
constitute the so-called sub-genital pits {Discomedusae^ Fig. 100), 
and funnels {ljucemarulae and Periphyllidae^ Fig. 98). They occur 

intenudially beneath the 
genital glands. 

Asexual reproduction by 
budding is of very general 
occurrence in the craspe- 
dote medusae. The buds 
are formed, usually in 
groups, rarely singly, on 
the wall of the manubrium, 
more rarely at the base of 
the tentacles, on the cir- 
cular canal, or on other 
places. In the Narco- 
medusae the budding is 
confined to larval life, 
when a bud-nurse is formed 
which attaches itself para- 
sitically to other Medusae. 

As hinted often in the above description the medusae fall into two 
well-marked divisions, viz., into the Craspedota and Acraspedota 
(Aci'ospeda) or Acalephae. Since the celebrated discovery of the 
alternation of generations in the medusae by Sars we have known 
that the former are budded off by Ilydroid-polyps, the latter by the 
Scypho-polyp or Scyphistonia, 

The Craspedote Medusae are distinguished by the following 
characters : a smooth umbrella edge ; a muscular velum, without 
endoderm; a double nerve-ring; gastral filaments and taenioles are 

* In describing a Scyphomedusa it is usual to speak of eight primary i*adii. 
These are the radii of the marginal bodies. These eight primary radii are further 
distinmiished into font perradii and four interradii. The oral arms lie in the four 
perraaii, and the gastral ridges and gonads in the four interradii. The adradii 
are the eight radii between the eight primary radii. 



Pio. 106 . — Phialidium rariabile represented from the 
under side of the umbrella. F velum ; 0 mouth ; 
Ov ovary ; Oh auditory vehicle ; Rf marginal ten- 
tacles. 
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absent ; sexual cells arise in the ectoderm of the manubrium, or along 
the radial canals ; they are rarely developed directly from the egg. 

The Acraspeda^ on the other hand, have a lobed umbrella edge and 
no double nerve ring; the marginal sense bodies are always tentacular 
in form, and contain a prolongation of the gastro vascular system; 
gastral filaments are always developed on the stomach wall, and 
taenioles are generally present ; the sexual cells are endodermal, and 
the development is either direct or by fission from a Scypho-polyp. 

Connection between the Polyp and the Medusa. The medusa 
is very generally produced by budding from a polyp, although in 
certain orders it does rise directly from the egg. For a long time 
it was considered a remarkable circumstance, hardly admitting of 
a satisfactory explanation, that organisms which differed so widely 
as polyps and medusae — they had indeed been systematically separated 
in different classes — should only form different stages in the life- 
history of a single cycle of development. The theory of ‘‘Alternation 
of Generations^' contained only a description of the matter, and 
offered no explanation. The discovery of the mode of origin of 
the medusa as a bud on the body of tlie polyp first clearly demon- 
strated the direct relation of the two forms; for it proved that the 
medusa is a flattened disc-shaped polyp with a shallow, but wide 
gastric cavity, the peripheral part of which has, by the fusion (Fig. 
107, c) of its upper and lower walls along four, six, or more radiating 
areas, become divided into the vascular pouches, or as they are often 
called, radial canals. The differences consist mainly in the presence 
of the oral cone or hypostome of the polyp as a well-marked external 
appendage, the manubrium; in the enlargement of the oral disc to 
form the muscular sub-umbrella surface (Fig. 107, c, iS); in the 
collapse of the coelenteron (leaving the endoderm lamella) above 
referred to; and in the greater development of the nervous and 
muscular systems in connection with the free-swimming habit of 
life. To these may be added the thickening of the structureless 
lamella between the dorsal endoderm and ectoderm, to form the jelly- 
like tissue which is so characteristic of medusae. 

As stated above the medusa is generally produced by budding from a polyp- 
colony, but however produced it always develops the generative cells. For this 
reason it is frequently called a gonophore. This name, though not employed when 
the polyp stage is unimportant {AcaUphou^ or absent (some AeaXepJiot^ Traeho* 
mtdusae^ etc.), is applied to all medusae or medusa-like organisms which are 
produced by budding from a polyp, l^ically a gonophore becomes detached 
from its origin, and as a free-sw*imming medusa distributes the generative 
products far and wide ; but in some colonies the gonophore doea not become 
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detached. In such cases it may acquire the full development of a medusa, but 
more often its development is not complete, and a degenerate medusa — or as it 
is often called, a gonophore with concealed medusiform structure — is produced. 
These degenerate medusae (hedriohlmUi adelocodonic gonophorcs^ medusoids, as 
tlicy are variously called) vary considerably in structure from the stage of an 
almost perfect medusa, to a stage in which they consist of little more than 
a bud containing the generative cells (sporosacs). 

The Otenophore. The description of the fundamental form of the 
Ctenophora will be more conveniently dealt with under the descrip- 
tion of the class (see below, p. 197). 



Fio. 107 .— DlagrBininatic longitudinal sections of a, a hydroid polyp, and 6, c, a medusa. 
Section h passes through two radial canals, section c belwcen two rad al canals. 0 mouth; 
T tentacle; M euteron ; Rk ectoderm ; En endoderm ; JUic radial canals ; Be circular canal ; 
vel velum ; Gp vascular or endoderm lamella ; S sub-umbrella ; U umbrella. 


Asexual reproduction by budding and fission is very widely spread. 
It is found in all groups with the exception of the Ctenophora, and 
it frequently leads to the formation of colonies, the component 
members of which are in bodily continuity. In most cases both 
layers of the body wall participate in this mode of reproduction, 
but it has recently been asserted that the ectoderm alone participates 
in the gemmation of the buds of Hydra; and in the so-called 
tporogony^ which is found in some Narcomedusae, a single ovum-like 
cell of the body has the power of reproducing the whole organism. 
The latter should perhaps be regarded as a case of parthenogenesis 
which otherwise has not been observed in the Coelenterata. With 
this phenomenon of asexual reproduction must be connected the 
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power of regenerating lost parts — a property which is probably widely 
diflFused in the Codenterata^ and reaches, perhaps, its highest expression 
in Hydra, The smallest pieces into which the body of Hydra can be 
cut are able to reproduce the whole polyp. 

In the asexual reproduction budding and fission may achieve 
results varying from the complete formation of a new individual 
which separates from the parent, to the mere repetition of a portion 
of the growing organism, which remains attached to the parent 
As an instance of the one extreme we may mention Hydra ; of the 
other, the Siphonophcnra ; and between these two extremes we have 
the colonial Hydroinedvme and Anthozoa, 

In Hydra the whole organism is reproduced; in the Hydromedusan 
colonies the whole 
parent except the 
rooting portion or 
hydrorhiza ; in the 
Maeandrine Corals 
the reproduction is 
confined to the oral 
disc and stomodaeum, 
and perhaps a few 
tentacles and mesen- 
teries; finally, in the 
Siphonophora the 
manubrium of the 
parent Medusa (or 
polyp, according to 
the view taken) may 
produce almost any 
portion of an entire 
organism from an um- 
brella to a tentacle. 

Connected with this asexual reproduction are two important 
phenomena which must shortly be referred to here. The one is 
polymorphisnif and the other alternation of generations. In the 
colonial Coelenterata the individuals associated in the colony are 
rarely all alike in structure. A certain number have one form, others 
another form, and with this difference in form is often associated a 
difference in the part which they respectively play in the life of 
the colony. As an instance we may take the Tubularian colony 
called Podocoryne (Fig. 108). Here from a creeping coenosark or 



Fio. 108. — Podocm'yne carnea (aft»*r C. Grobben). P polyp ; 
M medusa bud on the blastostyle ; Sk skeleton polyp ; 
S spiral zooid. 
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hydrorhiza arise several individuals, some of which are ordinary 
polyps, with a mouth and tentacles; others are polyps lacking the 
mouth and tentacles, and acting as defensive organs for the colony 
(the dactylozooids) ; otlicrs again, while lacking the mouth and 
possessing only vestiges of tentiicles, have the property of budding 
off the gonophores or sexual members of the colony — these are the 
blastostyles, and the sexual individuals they produce are imperfectly 
developed medusae, which characterize this particular species. In 
some species the medusa acquires a complete development, and 
breaking away from the colony swims in the sea and distributes 
its products far and wide. ^ 

The phenomenon of alternation of generations depends upon the 
fact that in many Hydroinedusae and Acalephae the fertilized ovum 
gives rise to an organism (the polyp) which can produce buds, 
but not ova and spermatozoa. Some of the buds become Medusae 
or medusa-like individuals in which the sexual elements are formed. 
This kind of alternation of generations in which a sexually repro- 
ducing generation succeeds one or more generations of asexual forms 
is called metcLgenesis. 

The ovum is generally fertilized outside the parent, but in some 
Anthozoa the fertilization and the early stages of development take 
place in the enteric cavity. In many forms, particularly amongst 
the Medusae, all the individuals of the same species discharge their 
eggs at the same time of day, but this time may alter slightly 
according to the time of year. It is remarkable that in the most 
nearly allied species the eggs are discharged at the most different 
times. It has been suggested that this is an arrangement to prevent 
the crossing of closely allied species. 

Almost all Coelenterates are marine. Hydra^ Microhycird^ Cordy , 
lophera amongst polyp forms; and Limnocodium^ found in the 
Victoria Regia tank of the Royal Botanical Society, London, and 
Limnocnida from Lake Tanganyika, amongst Medusae, are the 
most striking of the few fresh-water members of the group. The 
polyps and polyp colonies are for the most part attached to foreign 
bodies and lead sedentary lives, while the MeduMe^ Siphanophara^ 
and Cienephora are free-swimming pelagic organisms, striking 
for their beauty and for the extreme fragility and transparency 
of their tissues. Many of them are phosphorescent. The greater 
number are littoral or pelagic in habit^ but a few forms, often 
characterized by important peculiarities of structure, are from the 
deep sea. 
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A few are parasitic, Pdypodiuin hydriforme parasitic in the yonng stage 
in the ova of the Sterlet (Acipenser ruthenu$\ (Ussow, Ann. and Mag N. Hist. 
(5), 18, 1886) ; and MneBira^ a medusa parasitic on Fhyllirhoe. 


The few fossil forms known belong for the most part to the corals, 
the hard tissues of which have left traces in the rocks of most periods. 
There are traces of Medusa remains in tlie Soleiihofen slates, and the 
Graptolites of the Cambrian formation may jxissibly have been 
hydroid colonies, resembling the Sertularidcie. 


The following table shows 
adopted in tliis work : — 

Suh-phylnm I. CHIDABIA. 

Class I. HYDROMEDUSAE 

(CRASPEDOTA). 
Order 1. Hydrida. 

„ 2. Hyi)ro<;ohallinae. 

,, 3. Tubulariab. 

Anthomedusas. 
,, 4. Campanulariak. 

Leptomedusae. 
,, 5. Trachomedusae. 

,, 6. Narcomeuusab. 

„ 7. Siphonophora. 

Class II. ACALEPHAE 

(ACRASPEDOTA). 
Order h Scyphomedusae 

(Tetramkralia), 


classification of the Coelenterata 

Class II. ACALEPHAE— ConWnimf 

Order 2. Ephyroniak 

(OfrrOMKRALIA). 

Class III. ANTHOZOA. 

Onicr 1. Rugosa 

(Tetracoralla). 
„ 2. Alcyonaria 

(Oatactinia). 
,, 3. ZOARTUARIA 

(Hexactinia), 

Stth-phylnm 11. CTIHOPHORA. 

Class CTENOPHOBA. 

Order 1. Tentaculata. 

„ 2. Nuda. 


Sub-phylum L ONIDARIA« 

Codentei'ota vrith thread-cells. 

It is on the whole convenient to use the characteristic thread-cells 
to divide tlie Coelenterata into two sub-phyla — the Cnidana and 
Ctenophora — although it must not be forgotten that tliese structures 
have been observed in one Ctenophore, and are found outside the 
limits of the Coelenterata altogether (PlatyhelmintheSy MoHusca^ 
Protozoa). 

Glass L HYDBOMEDUSAE (CBASPEDOTA).^ 

Cnidaria in which the inedtLsa has a velum and the polyp is 
without gastral ridges or filaments. 

This class includes polyps; colonies of polyps, which produce 

* The Hydromedusae coincides with the old group Hydrozoa, excluding the 
Aealephae. It appears convenient to place the latter in a separate class to mark 
their intermediate position between the ffydraineduBos and Actinozoa, 
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medusae or modified medusae by budding; and medusae which 
arise directly from the egg. The polyps are generally attached 
permanently to foreign bodies, and are of small size; but in the 
Siphonophom the whole colony is free-swimming. The medusae 
are also of small size and possess a velum. When skeletal structures 
are present they consist, as a rule, of a more or less horny secretion 
of the ectoderm (perimrk). In one order, however, the seci*etion 
is calcareous (Hydrocwallinae). 

The colonies very often present, in a well-marked manner, the 
phenomenon of polymorphism, and in describing the various 



ifp 


Pio. 109.— Deyelopment of hydroid polyps (from Chun, I and II 
after Metschnikoff, III after Allman). I. Young larva of Clytia 
fiavidvla six hours after attachment, ek ectoderm ; en radially 
poached endodenn (rudiment of hydroihiza); g enteric space; 
ky eyllndrical projection which constitutes the hydrocaulus. 

II. Lura of Clytia one day after flsation ; the hydrorhiza forms 
a chambered disc from which the cylindrical hydrocaulus pro* 

Jeets; nematocysts are present In the ectoderm. III. Older 
larva of Eudendriwm tximotum ; the hydrocaulus invested by the 
ehitinoua perlsaik (ch) projects from the discoidal hydrorhiza ; a hydrocephalis with a 
tentacular circlet (I) has bMn developed at the free end of the hydrocaulus ; the mouth 
is not yet formed. 



modificatitHS which may be present It will be convenient to explain 
some of the more common terms which are used in the cumbrous 
and complicated nomenclature of the group. 

The fertilized ovum very generally gives rise to an oviform free-swimining 
larva— the plamila (Dalyell*), consisting of an outer layer of ciliated ectoderm 
and an inner hollow mass of endoderm. After a short time it loses its cilia and 
secretes a thin cuticular covering— the perisark-and becjomes attached by one 
end (Fig. 109). The free end elongates and develops a teniiinal mouth and 

* Sir J. Graham Dalyell, Hare and Hemarkable Ainmah of Scotland, London 
1847. 
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mec- 


tentacles, while the attached 
(Fig. 109), the hydrorhiza* 
portion is correctly 
termed the hy- 
dranthy though tlie 
word i)olyp is some- 
times loosely ap- 
plied to it. The 
hydranth elongates 
and begins to bud, 
and two parts be- 
come distinguish- 
able in it — a ter- 
minal part called 
the ]:)olyp-head or 
hydrocephalis with 
the mouth and ten- 
tacles, and a lower part with 
the buds, the stem or coem- 
sark. The buds lengthen, 
remain attached to the parent, 
and themselves become differ- 
entiated into hydrocephalis and 
coenosark. The whole colony 
of hydranths thus formed is 
called the hydrosovia. The 
term hydrophyton seems to be 
applied to the coenosark plus 
hydrorhiza, while hydrocaulusf 
appeal's to be synonymous with 
coenosark. In some forms the 
perisark does not extend on to 
the polyp-head but stops short 
at its l>ase ; in others it is con- 
tinued round the polyp -head 
as a cup — the hydrotheca (Fig. 
114), which, however, stands 
off from the polyp, being only 
connected with it by pseudo- 
podial prolongations of the 
ectoderm. The polyp-head can 
shrink into the hydrotheca for 
protection. Some of the buds 
formed by the colony develop 


end often spreads itself into a discoidal root 
This is the first polyp. The free upstanding 


rnec^ 



Fio. llO.—Gonangium with hedrioUasts of Goao- 
tkyraea loveni (from Chun, after Allman). U 
blastoetyle ; gtk gonangium (gonotheca) ; e oper- 
culum of gonangium ; budding gonophores 

(hedrioblasts); mec^ hedrioblaat with planulae 
pi; nvec* hedrioblaat with ova in manubrium. 


* The hydrorhiza has some- 
times the form of a branching 
and anastomosing tube, from 
which the hydranths arise by 
budding. 

t The coenosark or hydrocauJus is said to be fascicled or polysipikonic when it 
is composed of several adherent tubes, monosiphonic when consisting of a single 
tube. 



126 


COELBNTBRATA. 


into medusae which become free-swimming, or 'tmduBoids whicli are imperfectly 
developed medusae and do not become free. These medusae and medusoids are 
called the gmaophwes because the gonads are contained in them. A phiMro- 



Fio. lU.—-Anfennular(anntennina. Bnnch 
(hydrocUdium) of colony with hydrantbs 
and nematophorea (from Chun, after All- 
man). p extended, p’retraetedhydianth; 
n, ftp nematophorea ; r coenoaark (hydro- 
cladium). 


eodante gonophore is a free • swimming 
medusa, and is sometimes termed a 
plandblatt ; an adclocodmie gonophore is 
a medusoid, and is sometimes called a 
hedfidbl€ut. Sometimes the gonophores 
are budded only from special hydrantbs, 
which are then modified by the absence 
or diminution of size of the tentacles 
and mouth. Such a proliferous hydranth 
is a hlastastyle. In the forms with 
hydrothecae, the hydrotheca of the 
blastostyle forms a chitinous capsule 
enclosing the blastostyle and gonophores ; 
it is called the gonangium or gonotheca 
(Figs. 110, 114). Colonies with gonangia 
are called ealyptobladic ; those without 
gymnoblastie. The word zooid or person 
is sometimes applied to any individual 
of a colony, whether hydranth, gono- 
phore, or blastostyle, etc. Trophos(nne 
means the entire assemblage of zooids 
which are concerned with the nutrition 
of the colony, i.e., all the hydrantbs; 
gonosome the entire assemblage of zooids 
which are concerned with the sexual 
reproduction of the colony, i.s., all the 
gonophores. A dactyUnooid or spiral 
zooid is a hydranth without or with 
reduced mouth and tentacles, specially 
developed in some genera (Hydractinia 
and Podoeoryne^ Fig. 108) for defensive 
purposes. A nemaiophore {macho-polyp^ 
guard - polyp^ sarcoHyle) is a special 
stalked projection of the coenosark found 
in the Plumularidae (Fig. 111). It con- 
sists of ectoderm, which contains thread- 
cells and is highly amoeboid, and of a 
solid axis of endoderm ; the whole is en- 
closed in a theca {sarcotheca) of perisark. 
Nematophorea are probably nutritive, 
catching food as an Amoeba does, by 
the peeudopodia of their ectoderm. 

BydrocUidium is a special term applied 
to the hydro theca • bearing branches 
(ramiifi) of the coenosark of Plumula- 


ridae. Phyladoearps are specially modified hydrodadia bearing gonangia as 
well as nematophorea and sometimes hydrothecae ; they often develop protective 
branches^the costoe— which form the walls of an open basket-work and enclose 
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the gonangia. When the costae are well developed and the hydrothccae are 
suppressed, the phylactocarp is called a corbula {Aglaophenia), 

The generative cells, though nearly always rij>ening in and discharg- 
ing from the ectoderm of gonophores, make their first appearance in 
a great variety of places : in the ectoderm of the free Medusa, in the 
endoderm or ectoderm of the fixed gonophore, in the ectoderm of the 
coenosark, near or remote from the budding gonophore, or even in 
the endoderm. But wherever they arise they eventually migrate — 
passing, if necessary, through the structureless lamella — to the gono- 
phore, in the ectoderm of which they are generally, though not 
always, contained. 

The Hydromedusae feed chiefly on animal s'^bstances, and Hydra 
pos.sesses chlorophyll bodies in its endoderm. Whether these are 
chlorophyll bodies like those of plants or symbiotic Algae^ like those 
of Radiolariaj seems uncertain. The free swimming Medusae and 
Siphonophora are phosphorescent. With a few exceptions they are 
marine organisms. 

Order 1. 

Solitary polyps without medusoid buds. Both generative products 
are developed in the ectoderm of the polyp. 

In this onler colonies are not formed, and there are no medusoid 
individuals. The generative cells are produced by the ectoderm of 
the polyp itself. There is only one genus, Hydra L., the fresh- 
water polyp. 

The genera Protohydra Greeff, and Aiicrohydra Potts, are possibly allied here. 
Protohydra is marine, and reproduces by transverse fission. Microhydra is fresh- 
water, and invested by a coat of mud. Both genera are without tentacles, and 
the sexual reproduction is unknown. 

Order 2. Hydrocorallinak.* 

Colonial Hydromedusae consisting of a meshwork of coenosarcal 
canals, the eetodenn of which secretes a hard calcareous matter filing 
up the spaces of the meshwork. Polyj^s of two forms, yastrozooids 
and dactylozooids. Oonophores of the form of rudimentary medu ae 
are generally present. 

For a long time the position of the Hydroccn'allinae was uncertain. 
L. Agassis first suggested that Millepora was not an Anthozoon but 
a Hydroid, but it was not until Moseley had worked out the anatomy 

* H. N. Moseley, “Report on Corals,** Challenger Ileports, vol. 2. S. J. 

Hickson, “The Medusae of Millepora Murrayi, etc,” Q.J.M,S., vol. 32. 1891. 
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of the soft parts of this genus and 
of the Stylasteridae, tliat tlie Hydro- 
medusan affinities of these animals 
were clearly proved, and that the order 
Hydrocorallinae was definitely estab- 
lished. 

The colonies have the form of 
encrusting or arborescent masses con- 
sisting of a network of coenosarcal 
canals (Fig. 113) permeating a hard 
calcareous support called the coeno- 
steam. The canals consist of ectoderm 
and endodenn, and the coenostcum is 
calcareous matter secreted by the 
ectoderm and compamble to the peri- 
sark of other Ilydroid colonies. From the surface of the colony 
which is covered by a layer of ectoderm tlie polyps project. They 
are of two kinds — gastro- 
zooids with a mouth and 
tentacles, and more nu- 
merous dactylozooids (Fig. 

112) with or without 
tentacles, but always 
without a mouth. They 
are lodged in pits or caly- 
cles excavated in the sur- 
face of the coeuosteum, 
and lined by a continuation 
of the surface ectoderm. 

The relation of the surface 
ectoderm to the ectodeim 
of the polyps and of the 
canals is not known. The 
polyps of the two kinds 
are either scattered irregu- 
larly over the surface of 
the colony, or gathered 
into groups more or less 
i*egular, in each of which 
a centrally placed gastro- 
zooid is surrounded by a 



PlO. 113. — Vertical Bcctioii thruugti a group of re- 
tracted xooids of Allopora profunda (after Moseley). 
DZ dactylozooids; I* calyclcs of dactylozo^ilds 
separated by pseudosepta ; Z giiatrozoold giving off 
canals which Join th<* coenosarcal network; GZ 
calycle of gastrozoold ; 1)Z' dactylozooids of an 
adjacent group; 0 gonozooid (gonophore). 



Fio. 112.— Group of polyps of Millepora 
nodota, A gastrozoold surrounded 
by five dactylozooids B ; o mouth ; 
c tentacles ; d tubes (after Moseley). 
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ring of dactylozooids. The cavities of tlie zooids coiiimuiiicate with 
the coeiiosarcal meshwork by large canal offsets. Gonojihores having 
the form of rudimentary medusae are developed oh the coenosarcal 
tubes, and are often lodged in special ampullae of the coenosteum. 
The tentacles generally possess knobbed extremities armed with 
thread cells. From coral reefs and warm seas. 

Fani. 1. Milleporidae. Coenosteum arborescent or encrusting, composed of 
a thin superficial living layer, lying upon dead layers of former growth. Pores 
without styles, but divided by tabulae marking the successive layers of growth. 
Dactylozooids with knobbed tentacles. Millepcra L. 

Fam. 2. Stylasteridae. Coenosteum arborescent, with a strong tendency to 
assume a fan-like form, and to the development of the pores on one face only 
or on the lateral margins of its branches. In some genera a superficial layer 
only of the coenosteum is living, in others nearly the entire mass retains its 
vitality. Pores with tabulae in two genera only, Gastropores provided with 
a conical calcareous projection — the style — at their bases. Pseudosepta, arising 
from the partial confluence of the dactylopores and gastroi)ore8, sometimes 
present. Dactylozooids without tentacles. Colonies dioecious. Found in all 
seas in shallow and deep watei*s. 

Sporadopora Aloscley ; Vliohoihrus Pourtal^s ; Errina Gray ; Distichopora 
Lamarck ; Lahiopora Moseley ; Spinipora Moseley ; AUopora Ehrenberg ; 
Stylaster Gray ; Stenohelia S. Kent ; Conopora Moseley ; Astylui Moseley ; 
Crypiohelia M. Edw. and Haime 

Order 3. Tubulariae* (Gymnoblastba). 

Without hydrothecae and gonangia. Polyps^ when more than one^ 
forming permanent colonies, Genei'ative individuals^ when set free^ 
are Anthonu'dusae, 

Tlic TuJmJariae are almost all colonial (the Coi'ymorphinae, Myrio- 
etc., are solitary), and they all produce mediisoid gonophores 
]>y l)u^ldin^^ The gonophores are either set free as Medusae, or 
(»nly becoim* partially developed as medusoids, with rudiments of the 
nn‘diisan cugans, r.g., manubrium, gastrovascular canals, and marginal 
tentacles. The Jlediisae have ocelli, and their gonads are in the 
manubrium. 

Section 1. Tuhularinae. 

Colonial forms with a perisark destitute of investing layer of coenosark. 

Fam. 1. Clavidae. Polyps with scattered filiform tentacles. Clam Gmelin; 
Cordylophora Alim., fresh and brackish water; Tubielava Alim.; Merona 
Norman; Khizoyeton Ag. ; C7a rn /a Wright ; Dendroc/awi Weissman ; Campania 
clam Alim. ; Ccrydcndriiivi v. Ben. 

* G. J. Allman, A Monograph of the Oymnohlastic or Tuhularian Hydroids, 
Ray Society, 1871. G. J. Allman, “Report on the Hydroidea/’ Pts. 1 and 2 
Challenger Reports, 1883 and 1888, T. Hincks, A Monograph of the British 
JUydroid Zoophytes, London, 1868. E. Haeckel, MonographU der Medustn, 
Jena, 1879. 



130 


COBLENTERATA. 


Fam. 2. Corynidaa. Polyps with scattered, more or less spirally disposed, 
capitate tentacles. Corynt Gartner; Aclinogonium Alim.; Syncoi-yne Ehrb.; 
Oymnocoryne Hincks ; Ocmmaria McCrndy. 

Fam. 8. BougaiiiTillidae. Hypostome not abruptly difTercntiated (conical). 
Tentacles filiform in a single circle round the base of the hy]X)stome. Bougain- 
villia Lesson ; Perigonimus Sars ; Bimtria S. Wright; Dicoryne Alim. ; Stylactis 
Alim.; AtraetylU 8. Wright; Diplura Green; Hydmnihca Hincks; Cionistes 
8. Wright ; HeUrocordyle Alim. ; IVrightia Alim. ; Garveia S. Wright. 

Fam. 4. Eadendridae. Hypostome abruptly differentiated from the body 
(everted). Tentacles filiform in a single row. Budendrmm Elirb. 

Fam. 5. Fennaridae. Polyps with filiform and capitate tentacles. Pennaria 
Qoldfuss ; HaloeordyU Alim. ; Stmiridium Duj. ; Vorticlava Alder ; Hcteroste- 
pAanua Alim. ; Acharadria 8. Wright ; Acauhs Stimpson ; Clddomnia Duj. 

Fam. 6. Cladoeorynidae. Polyps with simple and ramified capitate tentacles. 
Cladoearyne Rotch. 

Fam. 7. Cflayatellidae. With simple capitate tentacles in a single row. 
Clavaiella Hincks. 

Fam. 8. Tnbularidae. Polyp with a proximal and distal row of simple 
filiform tentacles. Tubularia L. ; Hybocodon Ag. ; Ectopleura Ag. 

Fam. 9. Myriothelidae. Polyp solitary. Tentacles scattered, capitate. 
Myriothela 8ars. 

8ection 2. Hydractininae. 

Colonial. Perisark invested by a superficial covering of naked coenosark ; 
with spiral zooids. Very frequently found coating the gastropod shell of a 
Hermit Crab. 

Fam. 10. Hydraotinidae. With sessile gonophores. Uydr actinia v. Ben. 

Fam. 11. Fodocorynidae. Gonophores as free medusae. Podocorym Sars 
(Fig. 108) ; Corynopsis Alim. 

Section 3. Corymorphinae. 

Polyps solitary, without perisark. 

Fam. 12. Corymorphidae. Gonophores as free medusae. Corymorpha Sars ; 
HaUUraclus Alim.; Amalthaea 0. Schmidt. 

Famu 13. Monocaulidae, Gonophores as fixed sporosacs. Monocaulus Alim. 

Section 4. Hydrolarinae. 

Polyps unsymmetrical, with the tentacles, one or two in number, springing 
from one side of the body. 

Fam. 14. Hydrolaridae, Lar Gosse. 

The Medusae of this order are arranged by Haeckel as follows : — 

Anthombdusae. 

Oraxpedoia without otocysts^ with ocelli at the hose of the tentades^ 
and with manulrrial gonads ; radial canals usually 4y rarely 6 or 8 ; 
budded from Polyps of the Tubulariae, 

Fam. 1. Codonidaa. Mouth-opening simple ; gonads not radially divided ; 
4 narrow radial canals ; unbranched tentacles. The polyps of most Sarsiadae 
belong to the genus SyncoryiUy of Ectopleura to Tubularia^ of Euphysidae to 
Corymorpha^ of QlMeeps to Pennaria, 
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Sub'fam. 1. Sarsiadae. With 4 radial tentacles. Codonium'R.^\ Sarsia 
Lesson ; Syndictyon A. Ag. ; EcU^leura L. Ag. ; Dipurena McCradj ; 
Bathycodm H. 

Sub fam. 2. Dinemidae. With 2 radial tentacles. Dicodanium H.; 
Dinema v. Ben. 

Sub-fam. 3. Enphysidae. With 3 rudimentary tentacles, and one 
strongly developed. SUenslrupta Forbes ; Euphysa Forbes ; HybococUm 
L. Ag. ; Amphicodon H. 

Sub-fam. 4. Amalthaeidae. All four tentacles rudimentary. AmaiUuua 
0. Schmidt ; Globiceps Ayres. 

Fam. 2. Tiaridae. With 4 frilled buccal lobes ; with 4 manubrial gonads, 
which may be split into 8 ; with 4 wide radial canals ; and unbranehed tentacles. 
Ontogeny only known in two species. The polyp of Turris neglecta is Clavula 
Gossci^ tliat of Coryneics Agassizii is Halocharis spiralis. 

Sub-fam. 1. Protiaridae. With 4 perradial tentacles. Protiara H.; 
Modeeria Forbes ; Corynetes McCrady. 

Sub-fam. 2. Amphinemidae. With 2 opposite radial tentacles. Amphi- 
iiema H. ; Codonorchis H. ; Stoniotoca L. Ag. 

Sub-fam. 3. Pandaeidae. With numerous tentacles. Pandaea Lesson ; 
Conis Brandt; Tiara Lesson; Turris Lesson; CatablcTna H. ; Turriiopsis 
McCrady ; Callitiara H. 

Fam. 3. Margelidae. With 4 or more simple or branched oral tentacles, 
with 4 or 8 separate manubrial gonads ; with simjde unbranched tentacles, which 
may bo uniformly distributed or gioiq)ed in 4 or 8 bundles. Development 
known in a few species ; polyp usually belongs to Bougainvillea (Lizusa^ Margelis^ 
Hippocrene^ Rathkea)^ polyp of Dysomorpha to Podocoryne^ of Cytaeandra to 
Jihizoclinc. The polyp of Lizzia (blondina ?) is said by Allman to be a Campanu- 
larian, Laomedia {Leptosq/phus) tenuis. 

Sub-fam. 1. Cytaeidae. With unbranched oral, and uniformly distributed 
marginal tentacles. Cytaeis Eschsch ; Cubogaster H. ; Dysmorphosa Phillipi ; 
Cytaeandra H. 

Sub-fam. 2. Lizusidae. With unbranched oral, and 4 or 8 bundles of 
marginal tentacles. Lizusa H. ; Lizzia Forbes ; Lizzella H. 

Sub-fam. 3. Thaxnnostomidae. With 4 branched oral, and uniformly 
distributed marginal tentacles. Thamnitis H., ThamnostyluA H.; Thom* 
nostoma H.; Limnorea Pdron. 

Sub-fam. 4. Hippocrenidae. Oral tentacles branched, marginal tentacles 
in 4 or 8 groups. Margclis Steenstrup; Hippoereru Mertens; Nemopsis 
L. Ag. ; Margcllium H. ; Rathkea Brandt. 

Fam. 4. Cladonemidae. With dichotomously branched or feathered tentacles, 
with 4 to 8 narrow, simple or bifurcated radial canals, with 4 or 8 separate 
manubrial gonads. Oral arms 4, numerous, or absent. Polyp form known 
in 3 genera, viz., Gemmaria is the medusa of Qemellaria^ Eleutheria of Claves 
tella, Cladonema of Stauridium, 

Sub-fam. 1. Pteronemidae. Radial canals simple. PteronemaH,; ZancUa 
Gegenb. ; Gemmaria McCrady ; Eleutheria Quatref. 

Sub-fam. 2. Bendronemidae. Radial canals bifurcated. Ctenaria H. 
resembles the Ctenophora, ex-umbrella with 8 adradial ribs of thread cells ; 
Cladonema Duj. ; Dendronerm H. 


* Throughout the Onidaria H. stands for HaeckeL 
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Order 4. Campanulariab* (Calyptoblastba). 

With hydrothecae and gonangia. Colonial. Generative individuals^ 
when set free^ are Leptomedusaje. 

The Campanvlariae ai’e colonial Hydromedusae^ and they all 
produce gonophores by budding. The zooids are provided with 
hydrothecae (Fig. 114), which, in the case of the blastostyles, form 
gonangia. The gonophores are either set free as Medusae, or are 

only partially developed 
as Medusoids (hedrio- 
blastic), with rudiments 
of the medusan organs. 
The Medusae generally 
have marginal auditory 
organs of the vesiculate 
type, and their gonads 
lie beneath the radial 
canals (Fig. 106). 

Section 1. Campaualarinae. 

Hydrothecac at least in 
the proximal part of the 
colony never adnate by their 
sides to the hydrocaulus. 

Fani. 1. Haleeiidae. Hy- 
drothecae reduced to shallow 
saucer-shaped pedunculate 
appendages (hydrophores). 
Hydraiiths with conical 
hypostome. Gonophores 
hedrioblastic. Halecium 
Oken ; Diplocyathus Alim.; 
Ophioides Hincks. 

Fam. 2. Campanularidae. 
Hydrothecae borne by pe- 
duncles, campanula te or 
tubular. Hydrocaulus not 
enveloped by peripheral 
tubes. Gonophores free- 
swimming or sessile. Campanularia Lamarck ; Ohtlia P^ron and Lesueur ; 
Thyroscyphus Alim ; Hypanthea Alim.; Calamphora Alim.; Hebella Alim.; 
Halisiphonia Alim ; Coppinia Hassall ; Calycella Hincks ; Clytia Lamouroux ; 
Campanopm Claus ; MelicerUiria Haeckel ; Lo’oindla Hincks ; Cuspid elH 
Hincks ; Thaumantias Esch. ; Camponulina v. Ben. ; Leptoscyphus Alim. 

* T. Hincks, A Monograph of the British Hydroid Zoophytes^ London, 1868. 
0. J. Allman, “Report on the Hydroidea,” Pts. 1 and 2, Challenger JReports^ 
1888 and 1888. E. Haeckel, Monographie der Medusen^ Jena, 1879. 



Fia. 114, —Branch of an OMia colony (0. gdatinosa). 
0 mouth of a nutritive polyp with extended tentacles ; 
M medusa-buds on a blastostyle in a gonatheca; Th 
hydrotheca. 
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Fain. 3. Farifiphonidae. Hydrocaulus enveloped by peripheral tubes ; the 
hydrothecae are never adnate and are carried by the axial tube only. Lafoia 
Lamouroux ; Liclorella Alim ; Cryplolaria Busk : Pcrisiphonia Allni. 

Section 2. Sartularinae. 

Hydrothecae developed from more than one side of the hydrocaulus, to which 
they are all adnate for a greater or less extent by their sides. 

Fam. 4. Orammaridae. Hydrocaulus consisting of an axial tube which carries 
the hydrothecao and is sur- 
rounded by and iuscjiarably 
coalesced with j>criphcral tubes 
without hydrothecae. Hydro- 
thecae adnate to axial tube. 

Grammaria Stimpson. 

Fam. 5. Sertularidae. Hy- 
drothecae in two or more 
series, adnate to hydrocaulus. 

Gonophores sessile. Sertulana 
L. ; Diphasia Agassiz; 7hui- 
aria Fleming ; Desmoscyphus 
Alim. ; Ilypopyxis Alim. ; 

Staurotheca Alim. ; Dictyo- 
clculium Alim. ; Syntlieciuvi 
Alim. ; Thecocladium Alim. ; 

Hydralhnania Hi neks. 

Section 3. Idiinae. 

Hydrothccae adnate to hy- 
drocaulus. Coeno.sark divided 
into segments which form two longitudinal scries of intercommunicating cl.ani* 
bers, each of which communicates with the gastial cavity of a hydranth, 

Fam. 6. Idiidae. Idia Lamouroux. 

Section 4. Plumularinae. 

Hydrothccae developed from one side only of the liydrocaulus, to which they 
are adnate by their sides Sarcostyles (nematophorcs) are always present. 

Fam. 7. Plumularidae. Antennularia Lamarck; Sciurclla Alim.; AcanOuUa 
Alim. ; Plumularia Lamk. ; Schizoiricha Alim. ; Polyplumaria Sars ; Hctcroplon 
Alim.; Halicomaria Busk; Azygoplon Alim.; Streplocaulus Allin.; Diplocheilus 
Alim ; Lytocarpus Kircheiipaucr ; Acanthocladium Alim.; Cladocarpus Alim.; 
Aglaophenia Lamouroux. 

The Medusae of this order are arranged by Haeckel as follows : — 

Leptomedusab. 

Craspedota partly icith, partly u ithout, otocysts ; o*‘elli jtresent or 
absent; gonads on radial ranah ; budded from polyps of the 
Campanulariae, 

Fam. 1. Thaumantidae. Radial canals simple, unbrancled, witliout otocysts. 
Polyp form known only in Laodice {Tluutnvf.daria) ailcanda '• lliatmmitias 
inconspicuaj and in Me/icc/tnm campannUt .U* Ncct t(f ii> oDupnnvl ' . 



Fio. ll5.~Free Medusa of Obdia qelatino$a as jet 
without gonad.s; g otocysts. 
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Sub-fam. 1. Laodioidae. With 4 radial canals and 4 gonads. Tetranema 
H.; I>is8<memaYl,\ (kt<menuiYL,\ Eschsch. ; Staurostoirm H.; 

Laodice Lesson. 

Sub-fam. 2. Melioertidae. With 8 radial canals and 8 gonads. Meli- 
certella H. ; Melicertissa H. ; Melicertum A. Ag. ; Mdiccriidium H. 

Sub-fam, 3. Orchistomidae. With numerous radial canals. Orchis- 
toma H. 

Fam. 2. Cannotidae. Without marginal vesicleS) with 4 or 6 radial canals 
which are branched, bifurcated, or pinnate. Development unknown. 

Sub-fam. 1. Polyorchidae. With 4 or 8 pinnate radial canals, the side 
branches ending blindly. Staurodiscus H. ; Oonynema A. Ag. ; Ptyehogena 
A. Ag. ; Staurophora Brandt ; Polyorchis A. Ag. 

Sub-fam. 2. Berenicidae. With 4 or 6 branched radial canals, branches 
and main canals open into circular canal. Cannota H.; Dyscannota H.; 
Berenice P4ron and Lcsueur ; Dipleurosoma Axel Boeck. 

Sub-fam. 3. Williadae. With 4 or 6 bifurcated radial canals, the 
branches only open into circular canals. Dicranocanna H.; Toxorchis H.; 
Willetta H. ; JFillia Forbes ; Prohoscida^ctyla Brandt ; Cladocanna H. 

Fam. 3. Eucopidae. With marginal vesicles and 4 simple unbranched radial 
canals, in whose course 4 or 8 gonads lie. The polyps when known belong to 
the genera Campanularia^ Ohdaria^ Clytia^ Campanulina^ etc. 

Sub-fam. 1. Obelidae. 8 adradial marginal vesicles, stomach without 
stalk. Exicopium H. ; ^aphenella H.; Eucope Gegenbaur ; Ohelia Peron and 
Lea. (Fig. 115) : Tiaropsis L. Ag.; Euchilota McCrady. 

Sub-fam. 2. Phialidae. Numerous marginal vesicles, stomach without 
stalk. Phialium H. ; Phialis H. ; Mitrocomium H. ; Epenthcsis McCrady ; 
MUrocomella H. ; Phialidium Leuckart ; Mitrocoma H. 

Sub-fam. 3. Eutimidae. 8 adradial marginal vesicles, a distinct, often 
long, stomach-stalk. Eutimium H.; Eutima McCrady ; Saphenia Eschsch.; 
Eutimeta H. ; Eutimedphes H. ; Ociorchidium H. : Octorchis H. ; Odo7'- 
Chandra H. 

Sub-fam. 4. Irtnidae. Numerous marginal vesicles, a distinct stomach- 
stalk. IreniumW , / /i/'c Escli. ; Tfwia Esch. 

Fam. 4. Aequoridae. With marginal vesicles and with numerous (often 
over 100) simple or bran- h i -ailial canals. Polyp of Polycanna (Zygodactyla) 
vUrina only known as a .uy small Campanaria, 

Sub-fam. 1. Octocannidae. With 8 simple radial canals. Octocanna H, 

Sub-fam. 2. Zygocannidae. With 8 or more radial canals bifurcated at 
their base. Zygocanna 11.; Zygocannota H.; Zygocannula H. ; Halopsis 
A. Ag. 

Sub-fam. 3. Polyeannidae. With numerous simple radial canals which 
arise separately from the stomach (12 or more to over 100). Aequorea 
P^ron and Les. ; Rhegniatodes A. Ag.; Stomohrachium Brandt; Stauro- 
hrachium H, ; Mesonevia Esch. ; Polycanna H. 

Limnocodium* a fresh- water medusa from the Victoria Regia tanks of the 
Royal Botanic Society, London, and of unknown habitat, is probably allied 

here. 

* 0. H. Fowler, Quart. J. Mie. Sci,^ vol. 30, 1889, p. 607. 
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Order 5. Trachombdusab. - 

Hydromedusae without hydrosome {polyp stage); with marginal 
sense-tentacles in pits or vesicles^ with endodernud otoliths. OeeUi 
usually absent. Oonads radial. Radial canals 1^6^ or 8^ often with 
centripetal canals. With thread-cell thickening of ectoderm round the 
edge of the umbrella. 

The medusae of this order (Fig. 101) develop directly from the 
egg, and no polyps are known. 

Fam. 1. Fetaiidae. With 4 radial canals and 4 f'onads, stomach without 
stalk, with sense-tentacles sometimes free, sometimes in vesicles. 

Sub-fam. 1. Petaohnidae. Without centripetal canals. Petasus H., 
Dipetasus H. ; Petasata H. ; Petaehnum H. ; Aglauropsia F. Muller ; Gossea 
L. Ag. 

Sub-fam. 2. Olindiadae. With blind centripetal canals. Olhidias 

F. Muller. 

Fam. 2. Traohynexnidae. 8 radial canals and 8 gonads, without stomach- 
stalk, sense -tentacles rarely free, usually in vesicles. 

Sub-fam. 1. Marmanemidae. Tentacles without suckers, mesogonionst 
absent. Trachynema (jcgenbaur ; Marmanema H. ; Rhopalonema Gegenbaur. 

Sub-fam. 2. Pectyllidae. Tentacles with suckers, with 8 radial meso- 
gonions.f PectyllU H. ; Pcctis H. ; Pcctanthis H. 

Fam. 3. Aglaaridae. With 8 radial canals, stomach with stalk, sense 
tentacles free. 

Sub-fam. 1. Aglanthidae. With 8 radial gonads (sometimes on the 
stomach-stalk, sometimes on the sub-umbrella). Aglantha H. ; Aglaura 
Peron and Les.; AgUscra IF. 

Sub-fam. 2. Persidae. 4 or only 2 opposite gonads. Stauraglaura H. ; 
Perm McCrady. 

Fam. 4. Geryonidae, With 4 or 6 radial canals and flattened gonads; with 
long stomach-stalk ; with 8 or 12 marginal umbrella-clasps or jKjroniums ; and 
with 8 or 12 closed tentaculocysts (sense tentacles enclosed in vesicles), which are 
embedded in the jelly on the axial side of the peroniums (Fig. 102). 

The tentacles are in three dilferent gi'oups which ap|>ear at tlireo different 
periods of the development. (1) The primary tentacles are transitory larval 
organs, and filled with solid endoderm. They are perradial and 4 or 6 in 
number. They pass on to the ex-umbrella, and remain connected with the 
edge by a peronium. (2) Tlic secondary tentacles are interradial and also solid, 
and 4 or 8 in number. They pass on to the ex-umbrella, and remain connected 
w’ith the edge by peroniums. They may fall off or persist. (3) The tertiary 
tentacles develop last and persist. They arise beneath the [>crradial primary 
tentacles just to one side of the peroniums of these latter. They are hollow 
and long, and their cavity opens into the circular canal. There ia a solid 

* E. Haeckel, Monographie der Medxisen. Jena, 1879. 

t Mesogonions are thin vertical radial folds of the sub-umbrella, which underlie 
the radial canals and divide the gonads into two separate halves. They incom- 
pletely divide the umbrella cavity into spaces recalling the funnel-cavities of the 
Periphyllidac, 
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cartiUginooB strip of endodenn benestli each of the 8 or 12 peroniums, close 
to which are the tentaculocysts. 

Sub'fam. 1. Liriopidaa. 4 gonads and 4 radial canals ; 8 tentaculocysts 
(4 primary perradial and 4 secondary iuterradial). Pennanont tentacles, 
4 or 8. LirianiKa H. ; Liriope Lesson ; Olossoconua H. ; Olossocodon H. 

Sub'fam. 2. Carmarinidae. 6 gonads in the course of the 6 radial canals, 
12 tentaculocysts (6 primary interradial, and 6 primary perradial). Tentacles 
6 or 12. Oeryones H.; Oeryonia Per. and Les., without centripetal canals ; 
Carmaris H.; CarmariTia H. (Fig. 101), with centripetal canals. 

Order 6. Narcombdusab.* 

Craspedota with free auditory tentacles. Tentacles inserted dorsally 
on the eX’Umhrella^ and connected toith its edge by peroniums. Radial 
canals when present in the form of flat radial gastric pouches. 

So far as is known the Narcomedusae are without the hydroid 
phase. There is a thickened ectodermal ring at the umbrella edge 
which is prolonged on to the ex-umbrella to the insertion of the 
tentacles as the peroniums (Fig. 96). The peripheral part of the 
umbrella is lobed. The gonjids are primitively in the ventral or 
lateral wall of the stomach, whence they are often spread out on 
the radial gastral pouches. The circular canal is either obliterated, 
or else in festoons (Fig. 96), following the edge of the lobes to 
open into the gastral pouches. The radial structures (tentacles, 
lobes, and pouches) vary in number — they may be rarely 4, usually 
8 or more to 32. Otoporpae or peronial streaks of ectoderm passing 
from the auditory tentacles may be present (Fig. 96). 

Fam. 1. CunantMdae. With wide, pouchdike radial canals, which arc 
connected with the circular canal by double peronial canals (festoon canals, 
Fig. 96). With otoporpae. Cunanttia H.; Cunarcha H. ; Cunoctantha H.; 
Cunirui Esch.; Cuniasa H, 

Fam. 2. Feganthidae. Without radial canals and gastral pouches, but 
with a festoon canal, with otoporpae. Folycolpa H. ; Pohjxenia Esch. ; Pegasia 
P4r. and Les. ; Pegantha H. 

Fam. 8. Aeginidae. With a circular canal which communicates with the 
stomach by double peronial canals ; with internemalf gastral pouches ; without 
otoporpae. Aegiita Esch. ; Aeginella H. ; Aegineta Gegenbaur ; Aeginopsia 
Brandt; AeginuraR.; Aeginodiacua^.\ Aegi7U)doru8ll.\ AeginorhoduaYi. 

Fam. 4. Solmaridao. Without circular canal and peronial canals ; sometimes 
without radial canals, sometimes with modified radial canals (pernemal or inter- 

* E. Haeckel, Monographic d. Meduaen. Jena, 1879. 

t InUmcmal gastral pouches are really interradial pouches projecting from 
a radial (pcmemal) pouch (suppressed in the Aeginidae) into the lobes of the 
peripheral part of the umbrella. Each original radial pouch gives off two of 
these internemal pouches, one into one lobe and the other into the adjacent 
lobe. The two internemal pouclios of one radial gastric pouch are therelore 
separated by the double peronial canal, or festoon-like loop of the circular 
canal, which runs into the central stomach radially. 
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nemal gastral pouches) ; without otoporpae. Solmissus H. ; Solmundus H. ; 
Solmtindella H. ; Solmoneta H. ; Solmaria H. 

Limnoonida/ a fresh- water Medusa from Lake Tanganyika, is probably allied 
here. 

Order 7. SiPHONOPiiORA.t 

Free-mimrairuj polymorphic colonies of H yd vomedusoe produced hy 
hvddimj from an original^ probably medusoidy individual. Gonads in 
gonopJwres which^ as a rule, are not set free. 

The colonics of the Siphon/yphora are characterised by the extreme 
specialization of the individuals composing them. So great indeed 
is this specialization that some zoologists (Eschscholtz, Huxley, 
Metscknikoff) have held the view that their component parts are 
really organs of a single medusoid individual, which is distinguished 
from an ordinary medusa by the fact that its various parts — manu- 
brium, tentacles, umbrella — have multiplied independently of one 
another, and have become differentiated and in part dislocated from 
their primitive positions ; in short, that a siphonophore, in possessing 
in a marked degree the power of vegetative increase of its parts, 
resembles a plant more than an animal. 

This multiplication of the parts of an organism, often independently of one 
another, is not however by any means exclusively a vegetable characteristic. 
It must have happened largely in the animal kingdom, and have been a potent 
factor in determining the forms of animal life. 

Another view, and the one more generally held, is that they are 
free-swimming polymorphic colonies of highly specialized polyps, 
with the power of producing medusae (Vogt, Leuckart, Gegenbaur, 
Claus, Chun). 

According to it, all the parts of a siphonophore are either modified 
polyps or medusae, and the primitive zooid of the colony is of the 
polyp type. Just as the first theory errs too much in denying the 
colonial origin of our group, so the second theory probably goes too 
far in affirming it. It is probable that the truth lies between the 
two views. We hold, with Haeckel and Balfour, that the colonial 
theory is the true one, but that the primitive zooid of the colony 
was probably a medusa which has produced other medusae by 
budding, and that the parts of these medusae possess the power 
of becoming discrete and removed from the bud to which they 
belong, and of becoming in some cases secondarily multiplied. So 

* R. T. Giinther, Quart, J, Mic. Sci., vol. 36, p. 284. 

t E. Haeckel, **Rej>ort on the Sijjhonophorae,” Challenger BtwnU, voL 28, 
1888 C. Chun, “ Die Canarischen Siphonophoren,^’ I. and II., AOfumdlungen d, 
Senckenbergischen natur^, Oesellsch, 1891~2. 
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that many organs of the colony — which on the old colonial theory 
are modified polyps — are on this view nothing more than parts of 



Fid. 110.— Diagram of a colony of Siphonanthae, St coenosome 
or stem ; Kk ectoderm ; En endodenn ; Pn pneumatophore ; Sk 


medusiform indi- 
viduals which 
have shifted their 
attachment, and 
are therefore really 
organs. For in- 
stance, the struc- 
tures called pal- 
pons (hydrocysts, 
dactylozooids) are 
to be looked upon 
as mouthless ma- 
nubria of medu- 
soids, the um- 
brellas of which 
have become modi- 
fied as bracts, or 
are entirely degen- 
erate. The siphons 
(trumpet -shaped 
polyps, nutritive 
polyps) are the 
manubria of medu- 
soids, of which the 
umbrella is a bract, 
or a nectocalyx or 
degenerate. The 
tentacle, on the 
other hand, is to 
be looked upon 
as the only sur- 
viving marginal 
tentacle of the 


budding nectocalyx ; S nectocalyx ; T palpon (hydrocyst, dacty- 
lozooid); S/ tentacle and palpacle ; P siphon (polyp); 0 mouth 
of siphon ; Nk battery of nematocysts ; D hydrophylliura ; 0 
gonophore. 


medusoid of the 
siphon, which has 
shifted so as to be 


attached to the base of its manubrium. This theory then agrees 
with the second theory in asserting the colonial nature of the 
Siphonophora, but admits that there has been that vegetative 
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repetition and specialization of certain organs which is demanded 
by the first view. 

The diagram (Fig. 116) shows nearly all the possible parts found 
in colonies of Sijihonanthaey the largest of the two sub-orders of the 
Siphonophora, We may briefly enumerate these and consider their 
relation to the colony on this “ medusome ” theory of Haeckel. The 
stem (St) or trunk is the coenosark or coenosome of the colony ; it 
is the elongated manubrium of the original larval medusoid, and 
produces by budding all the parts of the colony. Two parts may be 
distinguished in it — an upper part, the nectosome, to which the 
swimming organs (nectocalyces and pneumatophores) are attached, 
and a lower part, the siphosome, bearing the nutritive and repro- 
ductive organs (siphons, palpons,' gonophores). All parts are budded 
off from the same surface of the stem (the so-called ventral median 
line), their apparent radial disposition in some fonus being due to 
a spiral twisting of the stem.* 

The swimming organs. The nectocalyx (S) is a medusa with 

canal system and velum but without a manubrium. The pneumato- 
phore (Pn) is more difficult of interpretation; it may either be 
regarded as a medusa, in which tlie umbrella cavity is the air- 
chamber or pneumatocyst, or it may be simply regarded — and this 
is HaeckeFs view — as a part of the ex-umbrella region of the original 
medusoid larva, the ectoderm of which has become invaginated upon 
the contained enteric system to form the pneumatocyst (Haeckel 
distinguishes the ectodermal invagination as the pneumatosac, the 
secreted chitinous lining as the pneumatocyst). The space round 
the pneumatocyst lined by endoderm is the pericystic space. 

The siphons (P) may be regarded as polyps, or as the manubria 
of medusoids. The palpons (tasters, hydrocysts, dactylozooids) are 
mouthless manubria. The tentacles (Sf) are organs of the siphons 
(see above). The palpacles (Sf) are similar organs of the palpons 
found in one order. The hydrophyllia (bracts) are the umbrellas 
of medusae which are cleft on one side, or which have simply 
lost their umbrella cavity and of which the manubria are either 
degenerate or slightly sliifted as siphons and palpons. In many 
fonns bracts have undergone a large secondary increase. 

Oonqphorea (G) are either budded from the stem or from processes 
of the latter called gonostyles, which may, or may not be, mouthless 
polyps. 

* The twisting when present takes place in opposite directions in the necto- 
some and siphosome. 
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The zooids are generally attached to the stem in groups called 
comxidia (Fig« 119). The points of attachment of tlie coimidia 
are called nodes, the part of the stem between being internodes; 
in such cases the cormidia are said to be w'dinate. Sometimes this 
i*egular grouping does not occur, and the various zooids bud off 
separately from the stem ; the cormidia are then said to be irregular 
or dissolved. 

The nectocalyces by their contra^btions move the colony through 
the water; they have a deeply concave muscular sub-umbrella sur- 
face. The pneumatophore is a hydrostatic apparatus, and, in those 
foms which have a long spiral stem, serves to keep the body in 
an upright condition. The gaseous contents is secreted by some 
of the cells lining the pneumatocyst and can, in some cases, be 
exi>elled freely by contraction of the walls of the pneumatophore 
through one or more openings — the stigmata. 

The enteric or gastrovascular system is continuous throughout the 
colony. The gastral zooids are without oral tentacles, but possess 
a tentacle arising at their base. This tentacle can be extended to 
a considerable length and be retracted into a spiral coil. It rarely 
has a simple form, but, as a rule, it bears a numl^er of unbranched 
lateral twigs — the tentilla, which are also very contractile. These 
tentacles are invariably beset with a great number of nematocysts, 
which in many places are closely packed and have a regular arrange- 
ment. These aggregations of thread-cells are especially found upon 
the tentilla, where they give rise to large brightly-coloured swellings, 
the cnidosacs or batteries. 

The gonophores have a velum, a complete gastrovascular system, 
and a manubrium; but the mouth is nearly always absent. The 
generative cells are ectodermal, and arise in the manubrium ; they are 
without radial divisions (as in the Codoiiidae of the Authoinedume). 
The colonies are generally hermaphrodite, but the gonopliores are 
male and female. The sexual mediisoids frequently become separate 
from the colony when ripe, but are only rarely liberated as small 
medusae (Velellida^^ which produce the genemtive cells during their 
free life. 

The hydrophyllia are leaf-shaped, and composed of a stiff gelatinous 
kibstance ; they are protective in function. All the appendages are 
developed as buds formed of ectoderm and endoderm, and containing 
an endoderm-lined cavity which communicates with the cavity of 
the stem. 

The S'ij^lionophora are extremely beautiful transpaicnt, marine 
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organisms, with here and there spots of colour (the hepatic cells of 
the siphon — the apex of the pneumatophoi*e, the cnidosacs of the 
tentacles, etc.). They are mostly pelagic in habit, but some come 
from the deep sea. 

The ova are large, generally without vitelline membrane, and 
undergo a complete and regular segmentation. A free-swimming, 
solid planula is formed. 

There are two main sub-orders •—the Disconanthae, in which the primary 
form is an 8 -radiate medusa, the Disconula^ which produces buds on the ventral 
side of its umbrella ; and the Siphonanthae^ in which the promorph is a bilateral 
medusa which produces buds on the ventral side of the base of its manubrium. 

Sub-order 1. Disconanthae. 

The body {coeivosome) formed by the umbrella of the ot^igincd octch 
radial medusa, tchich includes a 'polythalamous pneumatocyst ; the 
buds arise in concentric rings from the sub-umhrella. Loi'va octoradial 

(Disconula). 

This sub-class includes one order. 

Section 1. Disconectae. Velkllidae. 

Sipho7wphora loith a permanent prima)*y umbrella, loithout necto- 
calyces and bracts. 

The Disconectae are medusae with a large manubrium (Fig. 117, 
ms), hollow marginal tentacles, and radial canals opening into a 
circular canal. There is no velum, and the ex-umbrella surface is 
pitted inwards in the centre to form an ectodermal sac, the pneumato- 
cyst (Ik), From the under side there hangs downwards a number of 
accessory manubria (gm) which bud the gonophores and are called 
gonostyles (gm). The gonostyles open into the radial canals at their 
basal ends, while distally they may be closed or open. Beneath the 
pneumatocyst there is a large cellular mass, the centradenia (cd), or 
so-called liver. The pneumatocyst opens on the upper surface by 

* Chun, who objects to Haeckers sejmration of the Disconanthae from the rest 
of the class, arranges the Siphonophora as follows ; 

Order 1. CALYCOPHOEIDAE. With nectocalyces without pneumaiophorc. 

Order 2. PHTSOPHOBIDAE. With pneumatophore. 

Sub-order 1. Haplopliysae. Physophoridac with unchamhered pneuiriato^ 
cyst, which is partly lined by gaS’Secreting ectoderm and is without tracheae. 
Tribe 1 . Physonectac, W ith pneuniatophore and nectocalyces. 

Tribe 2. rneumatnphoridae (Physalidae). AVi thou t nectocalyces. 
Sub-order 2. Traoheophysae (Haeckel’s Disconectae), AVith chambered, 
chi tin -lined pneumatocyst, which gives olf tracheae to the polyps. Gono* 
phoics set free as medusae {Chrysomitra), 
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small apertures — the stigmata — and communicates with the centra 
denia and adjacent tissues by a number of fine tubes — the tracheae — 
which project from its base. The tracheae are lined by a prolongation 
of the chitinous lining of the pneumatocyst. 

The centradenia is separated from the dorsal endoderm of the 
stomach by a gelatinous plate — the gastrobasal plate (sp ) — which is 
pierced by the gastral ostia (primitively 8) for the passage dorsalwards 
of the radial canals (rk), which a?ise from the fundus of the stomach. 
It is a composite organ, partly consisting of a dense network of 

endodermal gastral 
canals, and partly of 
a parenchyma of 
ectoderm cells with 
many cnidoblasts. 
The function of the 
former is prolmbly 
^ partly digestive and 
partly renal, of the 
latter gas-producing. 
In the simpler Dis- 
conectaey in the 
Discalidae the cen- 
tradenia is composed 
solely of a compact 
mass of ectoderm 
cells and cnidoblasts 

Fio. 117 .—PorprtZia prunella (after Haeckel from Lang), cd without Caiials. The 
centradenia (central gland); Ik pneumatocyst; cp central i r 

stigma of pneumatocyst ; rk radial canal ; sp gastrobasal Only CanalS 01 the 
plate; ev, ex-umbrella ; su sub -umbrella; t tentacles; g centradenia of SUch 
gonophores ; o mouth ; ms chief siphon ; gm accessory 

siphons, In this case gonostyies. forms are eight sim- 

ple radial canals 

which arise from the eight ostia of the stomach and run on its 
upper face — between it and the pneumatosac — uniting in its centre 
to form a typical octoradial liver star. They are to be looked upon 
as ascending branches of the eight primary radial canals of the sub- 
umbrella. The canals which perforate the centradenia of the more 
complex forms are branches of these (Fig. 117). 

The canal system is primitively octoradiate; it consists of the 
radial canals above mentioned, which branch as they pass outwards 
to be united at the margin of the umbrella by a circular canal (not 
marked in the figure). This system gives oflf, in addition to the 




DISCONECTAB. 


143 


cciitraclenial canals, a set of canals — the pdllial canals — on the ex- 
nnibrella or upper surface of the piieumatocyst, which unite over the 
centre of the pneuniatophore (round cp). This pallial system is 
the result of the invagination of ectoderm to form the pneuniatophore. 

The constitution and function of the centradenia, tracheae, and pneumatocyst 
of the Disconectae is disputed. Haeckel’s account has been followed in the text. 
He regards the supposed ectodermal portion of the centradenia or liver as gat* 
secreting in function, and corresponding to the gas-secreting portion of the 
}»neuinatooyst of the Siphonanthae (see below), the tracheae being for the purpose 
of carrying the gas, so secreted, into the pneumatocyst, which is entirely hydro- 
static. Chun, on the other hand, holds that in the Diseorianihae, which 
iiabitually float on the surface, the pneumatocyst has no gas-gland, and that the 
cell mass of the centradenia, which Haeckel calls ectoderm, is endoderm with a 
rich develojnnent of thread cells ; further, that the tracheae often end in places 
where this tissue is absent. He considers that these tubes are really trachuvt 
for the conveAjance of oxygen to the thick glandular endoderm^ and that the 
pneumatocyst in this group is a breathing organ. In confirmation of this view 
he states that the living Velella does periodically contract its body as though it 
were expelling air from the air-sac The elastic chitinous lining receives its 
explanation also on this view, as it would by its elasticity tend, in regaining its 
original form, to suck air in through the stigmata. 

The gas-secreting ectoderm of the pneumatocyst is present in the young forms, 
which apjmrently live below the surface, and probably in the deep sea forms ; 
and no doubt the function of the air-sac is, in these cases, purely hydrostatic, 
as in other Siphonophora in which there is a gas-gland and no tracheae. 

Chun C. , Bericht iib. eine nach d, Canarischen Inseln ausgef Reise, Sitzb. Acad. 
Wiss. Berlin, 1888. 

The goiiophores which are produced on the gonostylea are small 
4-radiate medusae, which do not produce sexual cells until after 
detachment, when they are known as Chrysoinitra. 

It is probable that the young of the Disconectue pass through a larval stage 
resembling in structure Discalia, Tins would be the so-called Diseonula^ a form 
actually met with in Discalia and presenting an S-iadiate me<iu8ifi)rm structure 
with eight radial canals, eight marginal tentacles, and a dorsal 8-radiate in- 
vagination of ectoderm— -the pneumatocyst 

Fam. 1. Disoalidae. From the deep sea. Ex-umbrella without crest, 
gonostyles without mouth, pneumatocyst divided into a central chamber sur- 
rounded by 8 radial chambers, to which may be added a still more circumferential 
arrangement of 5 to 10 concentric ring-chambers. These chambers communicate 
with each other by the ajjcrtures called pneumothyrae^ and some of them \vith 
the exterior by stigmata. The tentacles have tenninal cnidospheres.t Discalia 
11. ; Disconalia H. 

Fam. 2. Porpitidae. Circular umbrella without crest ; pneumatocyst divided 
into an octoradiate central part and numerous concentric rings. The gonostyles 
have mouths. Pneumothyrae* are present. With many stalked cnidospherest 
on the tentacles. 

* Pneumothyrae are communications between the concentric chambers of the 
pii< umatocyst. t Cnidospheres are spherical knobs composed of cnidoblasts. 
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Siib-fam. 1. Porpalidae. Umbrella highly vaulted. Piieuinatocyst 
cauipanulate, with a radially lobate margin. Forpalia H. (Fig. 117) ; 
Porpema H. 

Sub'fam. 2. Porpltellidae. Umbrella flat, slightly vaulted. Pneu- 
matocyst discoidal, without prominent radial marginal lobes. Porpitella 
H. ; Forpila Lamarck. 

Fam. 3. Yelellidae. With an elliptical, often nearly quadrangular, umbrella 
including a polythalamous pneumatocyst of the same form, composed of numerous 
concentric rings, and usually bearing in its diagonal a vertical crest. Marginal 
tentacles simple, without cnidospheres ; gonostyles with mouths. A chitinous 
prolongation of the pneumatocyst -lining into the crest is generally present. 
The 8 -radiate character of the canal system exists but is much hidden and 
has become in part bilateral. The pneumatocyst consists of a central chamber 
sometimes markedly 8-radiate and of many concentric elliptical rings, with 
stigmata and pneumothyrae. Rataria Escli., pneumatocyst without crest. 
Velella Lamarck ; Armenista H. 



Fig. 1 18 .— acumi- 
nata magnified about 8 
times. 5b somatocyst. 


Sub-order 2. Siphonanthae. 

Stem ((toenosome) formed by the manubrium of 
the original hilatet^al medusa. The buds arise in 
the ventral line of this manubrium. Larva bilateral 

(Siphonula). 


Section 1. Calyconectae. Calycophoridae. 


Siphonanthae tvith one or 
more nedocalyces, irithout 
pneumatocyst and 
Cormidia ordinate, 

A typical member of this 
group sucli as Diphyes (Fig. 
118) consists of a long con- 
tractile hollow stem bearing 
at its upper end two opposed 
nectocalyces or swimming 
bells without manubria, but 
with four radial canals, a 
circular canal, and velum ; 
and at regular intervals along 
its course groups of indi- 
viduals called cormidia (Figs. 
119, 120). 

At the point where the 
stem joins the nectocalyx 
(Fig. 121), or between the 



Fig. 119. — Three cor- 
iiiidia attached to the 
stem (coenosoine) of a 
Diphyid (after Leuck- 
art). D hydrophyl- 
lium ; GS gonophore ; 
P polyp (siphon), with 
tentacle. The cormidia 
fiepa‘ate from the stem 
to form eudoxids. 
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ncctocaljxes if two are pixscnt (Fig. 118), tlioie is a Jeep groove or 
pit in the jelly called the hydroecium^ into which the contnictile 
stem with its corinidia can be rctracteil. In the jelly of the upper- 
most nectocalyx is a 
space lined by large 
vacuolated cells, and 
sometimes containing 
an oil-drop. This is a 
dilatation of the upjier 
end of the central 
canal of the stem and 
is called the s(nuaf(h 
rynt 

Each cormidium 
consists of two niedii- 
soid indivnluals — tin? 
oiKi of tlieso is a 
sterile and the other 
a fertile incJiisoid. 

The stm ile mediisoid 
consists of a l)ract or 
liydroj hullium^ a 
siphon (trurnpet- 
sliaped p<»lyi>), and a 
tentacle, while the 
fertile one is a gono- 
phore. The hydro- 
phyllium is tlie hell 
of the sterile medii- 
soid; it possesses 
rudiments of the 
radial canals which 
radiate from an api- 
cal dilatation — the 

jdiyllocyst (Fig, 120) Est-hs^'hollzU—Vi ftMnalo eudoxid of Mug- 

... - gima Kochii (after Chtiu), witli lulinet shape l liydroi»hyl- 

which C01T(‘S[)0nds limn, Ir containing pliyllocysl, sipluMi tentacle t, and 
to the somatocyst of gonoplionjs of dilVertmt ag. s, <jn\ </ >, with eggs 

111 the inauitbriuin. 

the nectocalyx and is 

connected with the central canal of tlie stem. 'The siphon is the 
manubrium of tlie sterile medu.soid, whioli is displaced from its 
umbrella and has a triunpet-shaiml mouth at its free end. The 
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tentacle is the single marginal tentacle of the medusoid which has 
shifted on to the base of the manubrium. In some forms the gono- 
phores become sexually mature while still attached to the stem, but 
in the greater number the cormidia are detached before maturity 
and become free-swimming. Such free-swimming groups are called 
Eudoxia (Fig. 120), and are distinguished as monogastric forms 
(there being only one mouth and stomach) from the polygastric 
colonies from which they arise, and when found free are classified 

separately from the 
polygastric forms, just 
as the medusae of the 
Anthomedvsae are classi- 
fied separately from the 
polyp colonies. The 
nutritive canals of all 
the parts of a coimidium 
unite in the bract (Fig. 
120), from which point 
a bracteal canal passes 
to join the canal of the 
stem. The phyllocyst 
(Fig. 120), which corre- 
sponds to the somatocyst 
(Fig. 122), arises fi'om 
the same point. The 
tentacle is tubular and 
is beset with a series of 
lateral tentilla^ also tubu- 
lar. Each tentillum is 
composed of three parts 
— (1) a thin pedicle or 
proximal part, (2) a 
dilated middle part the midosac^ and (3) a slender terminal filament. 
The swelling of the cnidosac is due to a rich development of nemato- 
cysts of various kinds, forming the battery. 

The gonophore has a 4-radiate canal system and a velum, but is 
without tentacles or mouth (Fig. 120). The sexual cells originate 
in the ectoderm of its manubrium. It forms the swimming organ 
of the cormidium. In some forms it becomes detached, and 
then a secondary gonophore is formed. In some species (of Abyla) 
a cluster of small gonophores is developed in a single cormidium, 



rio. W.—Sphaeronectes gracilis (from Chun), seen from 
the side, ny hydroeciuni : c.ol somatocyst ; c.v ventral 
radial canal, c.d dorsal radial canal, c.c circular canal 
of nectocalyz ; tr ooenosome with cormidia. 
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in which case a special nectocalyx is developed as a swimming organ. 
The gonophores are of separate sexeS| but the same stem is usually 


hermaphrodite, bear- 
ing male and female 
conuidia. 

The variations in 
structure of the order 
depend principally 
upon the number of 
the nectocalyces. In 
the Monophyidae 
there is one necto- 
calyx, in the Diphyi- 
dm two, and in the 
Polyphyidm several 
pairs of nectocalyces. 

The first formed 
mouthless siphon is 
supposed by Haeckel to 
elongate and form the 
stem of the future colony. 
The oldest cormidium is 
that which is placed 
furthest from the necto- 
calyces (Fig. 122). Chun 
states that the first nec- 
tocalyx (cap-shaped) is 
retained only in Mono- 
phyes and Sphaoronecics 
(Fig. 121) ; in the other 
CalycoTUctae it is thrown 
off and replaced by a 
differently shaped (pyra- 
midal) secondary necto- 
calyx (Fig. 122), to 
which more secondary 
nectocalyces are added 
later. All Calyconectao 
pass therefore through a 
monophyid stage. 

As stated above the 
buds of the cormidia are 
always formed at the 
upper end of the stem, 
so that the oldest cor- 



Fxo. 122.— Toung colony of Mvggiaea koekii with the primary 
cap -shaped nectocalyx (.4) which is soon cast off, and 
the secondary pyramidal nectocalyx (£). c.ol somatocyst 
with oil-drop; hy hydroeciam; tr coenosome (stem) with 
two cormidia, the npper one being the younger ; 6r bud 
of hydrophylUom ; go bud of gonophore; p siphon; i 
tentacle, tu sub-umbrella. 


midium is the lowest (Fig. 122). The law as to the formation of the necto- 
calyces is not clear in the Calyconectae, but in the Physcnectae the pneiuuatophore 
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i.H at the top of the stein, the youngest nectocalyx bud next to it, while tlio 
oldest nectocalyx is at the lowest end of the siphosome, f.e., next the youngest 
cormidium bud. 

The development of the egg leads to the fonnation of a variety of the 
Siphomila larva (Fig. 123). It is a medosoid composed of a nectocalyx (A ) — 
the umbrella, of a cylindrical mouthless process — the manubrium, and of a 
tentacle. The mouthless process is attached to the ex-umbrella surface of 
the nectocalyx (to what is called in Siphonophoran parlance its ventral side), 

and is regarded by 
Haeckel as the original 
si])hon. It is supposed 
to have protruded 
through a fissure in the 
ventral wall of the nec- 
tocalyx. This disloca- 
tion* of the siphon (if 
it really exists) from its 
proper position in the 
nectocalyx is an example 
of a wides])read phenom- 
enon in the Sipliono- 
phora, which accounts 
for a good many of the 
peculiar features of the 
group. 

The alternation of 
generations in this 
order is between the 
polygastric colony and 
the monogastric cormi- 
dium, produced by bud- 
ding from the former 
and when detached 
known as a eudoxid.t 
The gonoidiore of tlio 
cudoxid after shedding 
its genital cells is cast 
off and a new gono))horo 
is formed. 

Fain. 1. £udoxidae. 

Monogastric, cormidium 
connx)sed of tw'o medu- 
soids, a sterile and a 
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FlO. 123. — Developing Siphonula larva of Mtiggiaea Korhii 
with buds on the ventral surface. A, rudiment of primary 
nectocalyx. with somatocyst oi, and commencing jelly ga 
between ectoderm ek and endoderm en ; su sub-umbrella ; 
t budding tentacle; p siphon ; en' yolky endoderm cells 
which are absorbed later (after Chun). 


* This attachment of the primary siphon to the ex-umbrella surface of the 

S rimary nectocalyx is a serious difficulty to the medusome theory. The 
ifficulty may be got over by supposing that the primary siphon is the 
manubrium of an umbrella which has disappeared, and that the primary 
nectocalyx is the first bud from the ]:)crsistent manubrium, 
t In some forms the primary gonophoro loses its sexual manubrium, and 
developed into a special nectocalyx, and a secondary gonophore is formed. 
In this case the cormidium is composed of three medusoids, and is called an 
SrsMid. 
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ft* r tile ; without spci ial nectoealyx. DiplopJu/sa Gcgenbaur ; Eudoxella H.; 
Ciicubalus Q. and G.; CucuUits Q. aud G. ; Ctihoides Q. and G.; Amphiroa 
Blainville; Sphenoides Huxley; AglaUma Escli. 

Fam. 2. Frsaeidae. Monogastric, cormidiuni composed of three medusoids, 
a sterile, a fertile, aud a special ncctocalyx. Ersaea Eseh. ; Lilo.ca H. 

Fam. 3. Monophyidae. Calyconedae rolygastrieae with a single ncctophore 
at the apex of the long tubular stem. Cormidia eudoxiform, separated by equal 
free internodes; each siphon with a bract Mmophyes* Claus; Spheuromdat* 
Huxley (Fig. 121); Mitr^phyes H.; CymhonecUsi H.; Muggiaea\ Busch« (Fig. 
122); Cymba Esch.; Doramasia\ 


Chun ; Halopyramisi Chun. 

Fam. 4. Diphyidae.J Poly- 
gastric Calyconedae with tw'O 
nectocalyces at the apex of the 
long tubular trunk. Cormidia 
eudoxiform se[»arated by free 
cMpial intcruodes ; each siphon 
with a bract. Praya Blainville ; 
Galeolaria (confounded with 
Epihiflia a Cystonect) Lesueur; 
JJipli yes Cuvier ( Fig 118); 
Dtphyopsis H.; Ahyla Q. and G.; 
Bussia Q. and G. ; Calpe Q. 
and G. 

Fam. 5. Stephanophyidae. 

Polygastric, with several apical 
nectocalyces and a special necto* 
calyx on each fovmidium. With 
small palpons witli long tentacles 
on tin* intcrnodc.s. Cormidia not 
s t I’u *• as ersaeids. Slephano- 
plnj^'s Chun. 

Fam. 6. Desmophyidae. Poly- 

^'((lyroncctae with four or 
ni no n- cb 'Calyces, opposite, in 
pairs. Cm midia eudoxiform or 
' i s icii'C ill, .separated by equol 
inteino'les ; each siphon with a 
biact. iJcsiivdiaW.'y Vesniophyrs 
11.; umbrella edge of .s]>ccial 
ncclocalyx with 8 ocelli and 8 
.slim( [ nt iclcs. 



Fio. 124.— An advancc<l Siphmula larva of Kjd- 


hHliif avKvifUu'ii with one large nectocal^x (after 
Metschiiikoff, from nalfonr). So .soinat«>oyst ; 


F). . 7 Polyphyidae. Poly- 
gidj k; ^ ^ ' with four or 


>*/• secoii*! imp. 1 fri tly nectofulyx ; 

hfdi hyUiop’- yllumi ; 2>o siphon; t U'litacli*. 


Acfonbii;/ to Chun tlie primarv metocalyx of tin 1 irva jxi'-ists in these 
t i.ei.i. .ind lh< !*■ aie no secondary or repl;ir< nit iit neeto. alyi^es 
I Cli .1 ,tit<s tlhU III tiie.se genera tin’ piiniai \ oaji like ncctocalyx is thrown 
off ;ind I - placed liy a pyramidal .scomidaiy iiectoci!\ x 

X In tl 7^ funily the primary nccluirdyx is irpl n - d by two secondary bells, 
whicli iic tl'CTuvclves rejilaced by a succession oi similar bells formed from 
similar l»i 
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more nectocsijces opposite in pairs. Cormidis without bracts. Gonophores 
reach maturity while attached to the stem ; no free eudoxids or ersaeids. 
Hippopoditu Q. and Q.; Folyphya H.; Vogtia Kblliker. 


Section 2. Phtbonkotab. Phybophoea. 


SipTumanthae with a pneumatoeyst and several nedoealyeea (or 



Fio. l25,’-Physophora kydrostatica. Pn pnonmato* 
phore; S nectocalyces arranged in a double row 
on the stem ; T palpon ; P siphon with tentacles 
Sf; Nk groups of nematocysts (cnidosacs); Q 
dusters of gonophores. 


brads instead)^ and pal- 
pons. Cormidia ordinate 
or irregular. 

The Physonedae include 
monogastric and polygastric 
forms. 

The stem carrying the 
cormidia is' either short, 
sometimes spread out in 
the form of a sac (Fig. 
125), or elongated and 
spirally twisted (Fig. 126). 

The small, often brightly 
coloured apical pneumato- 
phore is without a terminal 
opening of the pneumato- 
cyst, though sometimes an 
opening near its base may 
be made out. The endo- 
dermal space of the pneu- 
matophore itself is usually 
divided by a number of 
radial septa into pouches, 
while the invaginated pneu- 
matocyst is divided into 
two communicating parts 
— an upper part with a 
chitinous lining, and a 
lower part with a thick 
glandular lining. The latter 
is called the air funnel. It 
is the gas gland and its 
lining secretes the gas of 
the pneumatoeyst. The nec- 


tocalyces (except when replaced by paddling bracts with rudimentary 
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noctocalyccs at their cncl.s) 
are usually numerous. 
They have four radial 
canals, a circular canal, a 
velum, and sometimes 
ocelli. The cormidia are 
rarely dissolved : i.e., tlie 
parts are rarely scattered 
along the stem, hut gener- 
ally ordinate, in groui)s 
(Fig. 126). Each coriiii- 
dium consists of one siphon 
(sometimes two or four) 
Avith tentacle ; several pal- 
pons each Avith a tentacle 
called a palisade; several 
bracts Avhicli may even in 
the forms Avith oixlinate 
cormidia occur in the in- 
ternodes of the stem (Fig. 
126); two gonostyles, one 
bearing male gonophores 
and the other female, and 
very often a cyston. A 
cyston is a structure like 
a palpon but with a ter- 
minal opening : it acts as 
an anus to the colony, ex- 
pelling fluid and crystalline 
excretions through its aper- 
ture. 

The batteries of the 
teiitilla of the tentacles 
are enveloped in an invo- 
lucrum or fold of ectoderm 
arising at their proximal 
end. The female gono- 
phore produces only one 
egg- 



Fio. ((rgesHntim, Pfi pneninatophore ; S nectocalyx ; 

P siphon ; D hydrophyllium ; Nk group of nematocysts on tentacles. 
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The planula develops at one pole a ptietiiiiatoeyst as a thickening and involu- 
tion of ectoderm (like tlie cntocodon of a tiicdiisa bud), and at the other a siphon 
(Fig. 127 d). The pneumatocyst is supi)«)scd by Chun to he homologous with 
the primary ncctocalyx of the Cahfconcctac, In some forms the upper juu t 
the body gives rise to a cap-8lia|icd hydrophyllium as well as to a j»iieuniat(»phoic 
(Fig. 127), The crown of hydrophyllia wliich is sometimes fon«c<l persists only 
in Alkorybiaf where ncctocalyccs are not fonned. In Agalviopsis and Jinfso- 
phora the primary hydrophyllia of the larva (Fig. 128) fall oil as the stem 
becomes larger, and are replaced by ncctocalyces. 


ic I 



Fio, Development of Agalmopm (after MeUchnikoff). planula; stage with 
developing hydrophyllium D; c, stage with cap shaped hydrophylliiiiti (D)aiid developing 
pneumatocyst I/; d, stage with three hydrophyllia (/), D\ D"), siphon P and tentacle; 
1/ pneumatocyst. 

Fam. 1. Cirealidae. Monogastric Physonectae with a corona of ncctocalyces, 
without bracts. Circalia H. 

Fam. 2. Athoridae. Monogastric Physonectcu with a corona of bracts, without 
nectocalyces. Athoria H.; Athoralia H. 

Fam. 8. Apolemidae. Polygastric Physonectae with a long tubular stem 
bearing numerous siphons, palpons, and bracts ; each siphon with unbranched 
tentacle, Nectocalyces hiserial ; either two opposite nectocalyces, or two alUu- 
nate series of opposite ncctocalyces. Pneiimatoplwre without radial pouciies. 
Nectocalyces with tentacles arising from the stem. 

Sub-fam. 1 . Bicymbidae. Two opposite nectocalyces only. Cormidia 
monogastric ; each with a single cyston. Dicymba H. 

Sub-fam. 2. Apolemopaidae. Two opposite rows of nectocalyces. Cor- 
midia polygastric ; each with several cystons. Apolcmia Esch. ; Apolemopsis 
Brandt. 
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Fajii. 4. Agalmidae. Polygastric? rhymicciac with a long tubular stenii 
bearing numerous tiphons, palpons, and bracts. Nectocalyces numerous, 
biserial. Pneumatopliore with radial jjouches. All the genera except four, 
viz., Stepharwmia Per. and Les., Cryslallodes H., Aitthenvodes H., Cuneolaria 
Eysenhardt, have dissolved connidia. Phyllophysa L. Ag.; Agalma Esch. ; 
llalisteimna Huxley (Fig. 126) ; Cupulila Q. and G. ; Agalrmpsis Sara (Fig. 128) ; 
Lychndgalma H. 

Fam. 5. Forskalidae, Polygastric, with a long tubular stem bearing 
immeroiis siphons, iml|>ons, bracts ; 
each 8ii>hon with a branched ten- 
tacle. Nectocalyces numerous ; 
multisorial, strobiliform in several 
s]>iral rows. Pncumatophorc with 
radial pouches. The largest and 
most splendid of all Fhysonectae, 

Cormidia dissolved in all e\(;cpt 
JStrnbalia H. Forskaliopsis II. has 
palpacles among the neniatocalyces. 

Forskalia Kdllikcr ; Bathyphysa 
Studer. 

Fam. 6. Kectalidae. Polygas- 
tric, with a short vesicular stem, 
bearing numerous siphons, palpons, 
and bracts ; tentacles branched. 2 
or 4 rows of nectocalyces. Pneu- 
niatophoro with radial pouches, 

NcctaHa H. ; Sphyrophysa L. Ag, 

Fam. 7. Ducolabidae. Like 
the preceding but with « corona 
of palpons instead of bracts ; with- 
out bracts. Physophora Forskal, 
biserial nectocalyces (Fig. 125) ; 

Discolahe Esch., quadriserial necto- 
calyces ; Stephanospira Gegenbaur, 
multiserial nectocalyces. 

Fam. 8. Anthophyaidae. Poly- 
gastric, with short vesicular stem 
bearing numerous siphons and pal- 
pons ; each siphon witli a branched 
tentacle. Nectocalyces rej>laced by 
corona of bracts (as in Fig. 128). 

Pneumato{)hore with radial pouche.s. 

Ehodophysa Blainvillc ; Mclophysa H. ; Athoryhia Esch.; Anihophysa Mertens; 
Ploeophysa Fewkes. 

Section 3. Auronectae. 

Siphonaiiihae with a large ]mPU7nafoph(rrey a cen^ona of nectocalyces^ 
a peculiar aurophm'e^ and a network of canals in the jelly of the 
thickened trunk. Siphosome spheroidal^ ovate, or turnip-shaped. 

Deep sea forms. The aurophore (Fig. 129) is an appendage of 



Fio 128.— Small larval colony of after 

the type of Athorybin. 2/ pneumatophore ; D 
the crown of hydrophyllia ; Nk groups of nema* 
tocysts ; P Kiphou. 
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the pneumatocyst, and contains a central tube putting the cavity 
of the pneumatocyst in communication with the exterior. It is 
placed on one side of the pneuniatophore, and its central tube 
{pistillum) is surrounded by a number of radial chaml)ers, whicli 
are separated by septa and communicate with the pericystic (endo- 
dermal) space of the pneumatophore. Very possibly the aurophorc 
is a gas-secreting gland. 

Fam. 1. Stephalidae. Stephalia H. ; Stephonalia H. 

Fam. 2. Bhodalidae. Auralia H. ; Ehodalia H. 



Fio. 129.— Stephalia corona (after Haeckel), a, side view; 6, section. Jph Aurophore; 
.SV corona of nectocalyces ; F siphons with their tentacles ; CF the large central siphon, 
the enteron of which forms the central tube of the sipIn)Soine (coenosome or stem). 


Section 4. Cystonectae. Physalidae. 

Siphonanthae with a large apical pneumatophore without necto- 
calyces and icithont bracts, Pneumatocyst with an apical stigma. 

This order includes Physalia, tlie well-known Portuguese Man 
of War, which we may take as type. 

Physalia possesses a large pneumatophore lying nearly horizontally 
and bearing posteriorly and ventrally the numerous siphons, palpons, 
and branched gonostyles. The stigma is at the front end of the 
pneumatophore, and leads into a large pneumatocyst. The pericystic 
cavity is simple and not divided. The air-secreting cells or pneu- 



OYSTONEOTAE. 


165 


madmia are confined to the under part of the pneumatocyst. The 
float bears on its dorsal side a crest formed by a fold of the trunk, 
t.e., of the part of the body which projects behind the sac (as well 
as ventral to it), and which carries the cormidia. The pneumatocyst 
extends into the crest, and becomes divided up by a number 
of transverse septa into air-chambers. The cormidia are very 
numerous; they appear to be dissolved in the old individuals, but 
in the younger stages they are ordinate. When they can be made 
out they may be seen to consist of palpons, siphons, and branched 
gonostyles arising from a common stem. The tentacles arise from 
the palpons. The gonostyles are hermaphrodite, and the female 
gonophores break away and develop their ova as free -swimming 
Anthomedusae, 

The youngest larva of the Physalidae is known as a Cystonula, It has a 
float and one siphon with tentacle hanging below it. Later it elongates 
horizontally and produces on the ventral side, anterior to the first siphon 
(i.e., nearer the morphological apex), the cormidia. The primary siphon or 
cormidium persists at the hinder end of the float, t.e., at the end opposite to the 
stigma, and is in some forms always marked oflf from the numerous secondary 
cormidia. 

There are monogastric and polygastric forms in the order. The pneumatocyst 
has generally a gas-secreting thick epithelium or pneumadenia in its basal part. 
This may be partly constricted off as a hypocystic air-funnel. The epithelium 
of the pneumadenia in many forms sends out branching villi of its ectoderm 
which project into the pericystic space, and are covered towards the latter 
by its ciliated endodermal lining. These hypocystic villi are composed of 
large cells and are solid. They are probably mechanical in function helping 
to support the air-vessel. 

In many forms the gonostyles bear palpons (gono-palpons) ; and in the 
Physalidae the palpons have a tentacle. The tentacles are often branched, 
but without a cnidosao (battery). The sting of Physalia is particularly 
poisonous. 

Fam. 1. Cystalldae. Monogastric, with one large siphon bearing a tentacle 
and surrounded by a corona of siphons. Pneumatophore without radial septa 
or hypocystic villi. Cystalia H. 

Fam. 2. Ehizophysidae. Polygastric, with a long stem bearing in its 
ventral median line numerous monogastric cormidia with single palpon and 
tentacle. Pneumatophore large with radial pericystic pouches, but with hypo- 
cystic villi. 

Sub- fam. 1. Cannophysidae. Cormidia ordinate. Gonostyles attached 
to the stem at the base of the siphons. Aurophyaa H.; Cannophyaa H. 

Sub-fam. 2. Linophysidae. Cormidia dissolved. Gonostyles attached 
to stem between the siphons. Linophysa H.j Neaophysa H.; Pneufnophyaa 
H. ; Bhizophysa P^r. and Les. 

Fam. 3. Salaoidae. Polygastric with long stem bearing in its ventral 
median line numerous polygastric cormidia. Pneumatophore large, without 
radial pericystic pouches, but with hypocystic villi* Salacia H. 
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Fam 4. Spibolidae. Polygastric with a short inflated spirally convoluted 
stem. Cormidia ordinate in a sj>iral ring protected by a corona of pal pons. 
Pneumatophoro without pericystic radial pouches, but with hypocystic villi. 
Epibulia Esch. ; Angela Lesson. 

Fam. 5. Physalidae, Polygastric, with a short inflated stem horizontally 
expanded along the ventral side of the large horizontal pneuinatophore. Cor- 
midia in a multiple series along the ventral side of the tnink, usually dissolved. 
Pneumatophore large, with a chambered dorsal crest, without radial septa 
or hypocystic villi. Alqphota Brandt; Arethnsa II.; Physalia Lamarck; 
Caravella H. 


Class II. AOALEPHAB/ ACBASPEDA. 


Medmae of considerable size with gastral filaments (phacellae) ; 
ivith endodermal gonads; tcith lohed umbrella-edge; xcitbout true 
vtlum. 

The medusae of this class are distinguiwshed from those of the 



Fro. ISO.— iiwnZm auiita, from the oral surface MA the fonr oral tentacles with the mouth 
)n the centre; Gk geuerative organs; GH aperture of subj.;enital pit; Rk sense organ 
(marginal body); RG radial vessel ; T, tentacle at edge of the <Iisg. 


• E. Haeckel, Monograph ie der Medusen, Jena, 1879. L. Agassiz, Contrihitions 
to the Matured History of the United States, Acaleph>ye, vol. 3, 1860, vol. 4, 
1862. C. Claus, “Studien liber Polypen u. dor Adria,” Denks, d. k, 

Akad. Wis8, Wien, 1877. Id., Uniers. ub. d. Or>yavLs(tn'on n. Entv\ Acalephen, 
Prag, 1888. A. Qbtte, Ub. d. Entioirkelung v, Aioyiia aurita u. Cotylorhiza 
iiibei^lata, 1887. C, Claus, “Ub. die Entwuk. dcsScyphostonia, etc,” I. and 11. 
Arb. a. d, Zooh In$L Wien, 9 and 10, 1S91 and 1893. 
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Ilydromeclusae by their larger size and the greater thickness and 
stiffness of their umbrella, the gelatinous tissue of 'which contains 
a quantity of strong fibrillae, and a network of elastic fibres. 

Another characteristic of the group is derived from the structure 
of the edge of the umbrella. This is divided by a regular number 
of indentations usually into eight groups of lobes between which the 
sense organs arc contained in special juts (Fig. 130). 

The marginal lobes of tlie Aralephae^ like the continuous velum 
of the Ilydromedmue^ appear to be secondary formations at the edge 
of the disc. In the young stage known as Ephyra (Fig. 131), which 
is common to most of the Ephyroninae^ they are present as eight 
l)airs of relatively long tongue-like processes, and grow out from the 
cl i SC-like segments of the Strohila as marginal processes. An un- 
(]i\ ided marginal mem])rane (the vela- 
riuiii), differing from the velum of the 
Cra-pedota in containing prolongations 
r.f the canals of the gastrovascular 
sy-tem, is present in the Charybdeidae 
alone. 

The Acalepliae differ from the Hy- 
dro niedtisae ill possessing, as a rule, 
large oral tentacles at the free end of 
tlie wide manubrium. Tlicjse may be 
regarded as being derived from an 
unequal growth of the edges of the 
mouth. They grow as four arm-like 
processes of the manubrium from the 
angles of tlie mouth, and are placed perradially (see p. 118, note), 
t.e., they alternate with the genital organs and gastric filaments. 
In some cases the arms become forked at an early period, and four 
pail’s of arms are formed, the lobed tufted edges of which may again 
divide and sub-divide into many branches. In this case, the maigins 
of the mouth and the opposed surfaces of each pair of arms fuse 
in early life as described above, p. Ill {Rhizostomidofi^ Fig. 97). 

Further, there is to be observed in the Acalephae two types of 
structure, which we may term the type of the Scyphistovia and 
the typo of the Ephyra^ res[)ectively. To the former type, which 
is called the Sc3rphomeda8ae, belong the sessile forms {Liicernaridae^ 
Fig. 134), and swimming forms which perhaps possess a direct 
development (TesseridaSy Fig,. 133, Charybdeidae Fig. 136), The 
edge of the umbrella is only incompletely divided into lobes ; marginal 



Fio. 131.— An Ephyra seen from the 
oral side. Rk marginal body ; Gf 
gastral filament ; Se radial pouch 
of enteron ; 0 mouth. 
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bodies are absent in the Ltu^emaridoLe and Tesseridae^ their place 
being taken by tentacles or marginal anchors, which are homologous 
with marginal bodies. The stomach is surrounded by four wide 
gastric pouches separated from one another by septa (Fig. 99). 
The sexual organs are placed in the sub-umbrella \/all of the 
gastric pouches. The umbrella is usually much arched and fre- 
quently prolonged into a stalk. 

The second type, which is called the Ephyroninae, is a modifica- 
tion of that of the Ephyra itself. The Ephyra (Fig. 131) possesses 
eight marginal lobes, which are forked distally and carry in the 
clefts of the forks eight rhopalia. Each marginal lobe has a radial 
prolongation of the stomach The Ephyi'a therefore shows while 
it is still on the Strobila, a predominance of the 8-radiate structure 
in opposition to the 4-radiate build of the Scyphistoma type. At 
the same time it should be noted that the more centrally placed 
organs (buccal arms, gonads, gastral filaments) are 4-radiate. Between 
the eight lobes of the Ephyra there grow out later eight additional 
lobes (sometimes more), also bifurcated distally and carrying tentacles 
in place of the marginal bodies. 

The Ephyroninae then are distinguished from Scyphomedusae by 
the lobed structure of the umbrella edge, by the presence of eight 
or more rhopalia, and by the division of the peripheral part of the 
coelenteron into eight or more radial vessels, which are seldom 
>videned in a pouch-like manner. The gonads are interradial and 
placed in the ventral wall of the central stomach. The umbrella 
is flattened, usually discoidal. The Periphyllidae (Fig. 136) and 
Pericolpidae are intermediate between these two groups in that 
the central part of the umbrella presents the characters of the Scypho- 
medusae^ while the peripheral parts recall the structure of the Ephyra, 
They possess four knot-like septa which bound the four gastric 
pouches, and at the edge of the umbrella there are sixteen places 
of adhesion between the dorsal and ventral endoderm. Moreover, 
the Periphyllidae have four taenioles (gastral ridges) ; their gonads 
arc in the circular sinus; the umbrella is bell-shaped or flat, and 
marked on its dorsal surface by an annular constriction which 
indicates the junction between the ventral Scyphistoma-like and the 
distal Ephyra-like parts. 

The Seyphi$Unna, which may be regarded as the promorph of 
tlie Scyphomedusae^ is the larval form of the Ephyroninae, 

The gastric filaments which are worm-like and movable, and are 
not found in Hydromedvsae^ afibrd a distinctive mark. They cor- 
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respond to the mesenteric filament of the Anthozoa^ and lend the 
same aid to digestion by the secretion of their glandular endodermal 
covering. They are always attached to the sub-umbrella wall of the 
stomach, and fall in the four interradii, i.e.^ the radii of the generative 
organs which alternate with the radii of the angles of the mouth 
(radii of the first order). They usually follow the inner edge of the 
generative frill in a simple or curved line. 

The nervous system and rhopalia have already been described 
(p. 115). 

The four generative organs of the Acalephae can be easily dis- 
tinguished in consequence of their size and their bright colouring. 
In some cases, at any rate in the Discoinedusae^ they protrude as folded 
bauds into special cavities in the umbrella, the so-called sub-genital 
pits (hence the term Phanerocarj^ae Esch.). In all cases these bands 
lie on the lower (sub-umbrella) wall of the digestive cavity, from 
which they originate as leaf-like prominences. Their upper surface 
is covered with gastric epithelium; their under, which is turned 
towards the sub-umbrella, with germinal epithelium, the elements 
of which in the process of development, pjiss into the gelatinous 
substance of the band. The subgenital pits have already been 
described (p. 118): they may be completely absent (Ephyra, 
Nausithoe ) : their lining consists of sub-umbrella ectoderm and is 
quite distinct from the generative epithelium, which is of endodermal 
origin. The mature generative products are dehisced into the 
gastric cavity, and pass out through the mouth ; but in many cases 
tlie ova undergo their embryonic development either in the ovary 
(Chrysaora) or in the oral tentacles {Aurdia). Separate sexes are 
the rule. Male and female individuals, however, apart from the 
colour of their generative organs, have only slight sexual differences ; 
as, for instance, the form and length of the tentacles (Aurdia). 
C?i7*y8aara is hermaphrodite. 

In the Ephyrminae the development is generally accompanied by 
an alternation of generations; the asexual generations being repre- 
sented by the SeypMstoina (Hydra tuba) and Strohila; but in 
exceptional cases it is direct (Pelagia). In all cases a complete 
segmentation leads to the formation of a ciliated larva (Fig. 132 a), 
the so-called planula^ which attaches itself by the pole which is 
directed forwards in swimming. This pole is, however, opposite to 
the gastrula. mouth, which*in the meantime becomes closed, while 
round the mouth, which is formed as a perforation at the free end, 
the tentacles appear (Fig. 132 6, c). As in the embryo Actinia^ two 
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0 [>p()site tentacles first make their appeamiicc ; not, however, sinml 
taneously, the one ai)pearllig after the other, so that the young larva 
about to develop into the Scyphistoma presents a bilaterally sym- 
metrical structure. Subsequently the second pair appears in a plane 
at right ahgles to the plane of the first tentacles. These four tentacles 
mark the radii of the first order. Then alternating with these, but 
in a less regular succession, the third and fourth pairs a})i)oar ; and 
soon after, in the plane of these latter, four longitudinal folds 
(Fig. 132 d) of the gastric cavity are developed (radii of the second 
order or of the gastric filaments and genital organs; often called 
the inferra/Hif see alx)Ye, p. 118, note). 





Fio. 182 a-k.— Larval development of Chrysaora; a, pl&uula with narrow enterou ; b, the same 
after attachment and formation of mouth 0 and commencing tentacles ; c, young scyphistoma 
with 4 tentacles; Csk periderm; d, eight-armed scyphistoma with wide mouth; M longi- 
tudinal muscles of gastral ridges. 


The eight-armed Scyphistoma soon produces eight fresh tentacles 
(Fig. 132 e), which succeed one another in irregular succession, and 
alternate with the tentacles already present. Their position deter- 
mines the intermediate radii, or adradiiy of the future young Discophor 
or Ephyra. After the formation of the circle of tentacles and the 
secretion of a clear basal periderm {Ghrysaora), the Scyphistoma is 
capable of reproduction by gemmation and fission. At first the 
Scyphistoma appears to multiply only by budding; the second mode 
of reproduction, the process of strobilizationy begins later. This 
consists essentially in the fission and division of the anterior half 
of the body into a number of segments, thus changing the Scyphistoma 
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into a S(roitla (Fig. 132 /). The separation of the scents progieeses 
continuouslj from the anterior end to the hase of the StroibUa, so 
that after the disappearance of the tentacles (Fig. 132 g), first the 
terminal segment, then the second, and so forth, attain independent 
existence (Fig. 132 A). Each segment becomes an Ephyra (Fig. 131), 
developing eiglit pairs of elongated marginal lobes, with a marginal 



Fio. aejrphfatomi with sixteen anss (slightly magnified); Gw gastnl ridges; 

/, commencing strobilisation. 


body in the notch which separates the two lobes of the same pair. 
It is these marginal lobes which give to the edge of the umbrella of 
the Ephyra its characteristic appearance. The young Ephyra gradually 
acquires the special peculiarities of form and organization of tiie 
sexually mature animal. 

The number of nematocysts accumulated on the upper surface of 

M 
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the disc and on the tentacles of many Medusae enables them to cause 
a perceptible stinging sensation on contact. Many, e.g, Pelagia, are 
phosphorescent. According to Panceri, this phenomenon originates in 
the fat-like contents of certain epithelial cells on the surface. The 
Acalephae may attain a large size, the bell in some Rhizostoinae 
and Cyaneidae reaching a diameter of from two to six feet. 

In spite of the delicacy of their tissues, certain large Medusae have 

left impressions in the litho- 
graphic slate of Sohlenliolen 
{Medusiies ciradaris, etc.). 

Order 1. 
SCYPHOMBDUSAE. 

Tetrambralia. Tbsseronab. 




Fio. ftilly formed strobila with 

rating ephyrac ; h, fr.?€ ephyra (1*5 to 3 
in diamaterX 


Acalephae mth or vdthout 
four rhopalia {seme-tentacles); 
stomach with four gastral 
pouches separaied by short or 
long septal-unions, Oonads in 
sub-umbrella wall of the gas- 
tral pouches. Umbrella highly 
vaulted. 

The Scyphomedusae are best 
considered in their relation to 
the Scyphisioma. They may 
be looked upon as Scyphistomaa 
deprived of their tentacles, 
which indeed are only transi- 
tory structures, and elongated 
so as to assume the form of a 
cup, and changed in several par- 
ticulars which are characteristic 


of the medusa stage. The four septa (Fig. 98) arise by the fusion 
of the four gastric folds with the wide oral disc, which becomes 
drawn in and concave like a sub-umbrella. These four septa separate 
the same number of gastrovascular ]:x)uche8; while the margin of 
the cup may be drawn out into eight arm-like processes from which 
groups of short, knobbed tentacles arise (Fig. 134). 

The genital organs extend on the oral wall of the umbrella into 
the arras as eiglit band-shaped, plicated ridges (Fig. 134, I,). They 
run along in pairs at the lower part of each septum in tlie gastric 
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cavity (Fig. 98). The ovum, according to Fol, undergoes a complete 
segmentation, which results in a single-layered blastosphere. This 
becomes an oval, two-layered larva, which l)ecome8 ciliated, swims 
freely about, and finally attaches itself. The further development 
probably takes place directly without alternation of generations. 


The Scyphomedusae arc without exception marine animals, and are remarkable 
for their great reproductive power. According to A. Meyer, if the stalk of 
Lucernarid be cut off, the cup reproduces a new one, and injured individuds, 
and even excised pieces, can become perfect animals. 



Fio. IZZ —Tessera princeps (aRer Haockel). a, external view inrignilicd about 20 times; 
b, longitudinal section through two perratlii ; c, view of sub-umbrella. (!f gantial filaments; 
G gonads ; Rm circular muscle \i}k septal unions. 


Suborder 1. STAUROMEDUSAE. 

■Without rbopalia, but in their place 8 simple principal tentacles (Fig. 133 ) 
or marginal anchors (Fig. 134). Stomach with 4 wide perradial pouches cou- 
nectctl ])<*i iphcrally by a ring canal, (lonad:. as I iiitt rradial liorse-shoe shaped 
thickenings (Fig. 133), or 4 pairs of adradial iidges in the ventral walls of the 
gastric pouches (Fig- 3 34). 
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F«m. 1. TwBwidM. Umbrella edge without lobes; 8 principal tentacles 
(4 perradisl and 4 interradial) ; mai^na] anchors absent. Apex of the ex- 
iinibrella surface prolonged into a hollow p>Yiceas or stalk for attachment. 
7'essern H. (Fig. 133) and TesteraiiiAa H., with hollow, ex-uiiibrella procesw not 
used for attachment: Dcpamtrella H., Depattrxtm H., with ex-umbrella stolk for 
attachment. 



Fio. \9A,’-~Uaiidyshu OMrinda (from Chon, after ClarkX I. From the side. II. From the oral 
face. III. From the side with evaginated umbrella ami protruded mouth IV. Ifarginal 
anchor from the asial side, p stalk ; 9 U sub-umbrellii ; t one of the eight tufts of knobbed 
tentacles on the eight hollow triangular marginal lobes ; ra one of the eight marginal 
anchors ; t' anchor tentacle ; kl collar of adhesive glandular ectoderm ; oc eye^siiot ; en vessel 
of marginal anchor; o mouth; te interradial septal ridge i>assing into the taeiiioles (ft) of 
the stalk ; yea one of the eight adradial gonads on the sub-umbrella wall of the four radial 
gastric pooches, representing four interradial horse-shoe gonads connected at the oral end of 
the septal ridge. 

Fofri. 2. LueenuuridM. Witli 8 adradial umbrella lobes, and tufts of short 
knobbed tentacles at end of each lobe. With 8 principal tentacles (4 per- 
and 4 interradial) as marginal anchors (Fig. 134), or absent. An ex-umbrella 
stalk for attachment. Halielyshis Clark, Halieyathvs Clark, with marginal 
anchors; Lucermria 0. F. Mttllcr, CraUrolophtis Clark, without marginal 
aaeliora. 
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Siib-ordcr 2. P£EOM£DTTSAE. 

With 4 intcrradial rhopalia (with otoliths aijd eyes) ; with 4 ]K;rradial tentacles, 
or with 12 tentacles (4 [)er- and 8 adradial, Fig. 135); with 8 or 16 marginal 


lobes. The 4 radial gastral pouches are 
short sejital unions or 8e]>ta, so that the 
stomach may be said to be surrounded by 
a wide circular sinus, communicating with 
it by 4 ostia (Fig. 99). The circular sinus 
gives off towards the periphery of the 
umbrella 8 or 16 flat pockets, each of 
which gives off two lobe- j>ocket8, and 
between these one pocket to a tentacle 
or sense - body, 4 horse - shoe .shaj)cd 
gonads in the ventral wall of the circular 
sinus. 



Fio. 135 —PeriphylUi hyncinthina (after Haeckel) 
Jlf annular groove divliliug the nni» rella Into 
a proximal conical imrt, and a ventral lobed 
region. 


separated from one another by very 



Fio. 186.— CliaryMra maniupiaHa, natural 
size. T tentacles ; Jtk muginal bodies * 
Ov gonads. 


Fani. 3. Perioolpidae. With 4 perradial tentacles, 4 interradial rhopalia, 
and 8 adradial marginal lobes. Pericolpa H.; Pericrypta H. 

Fam. 4. Periphyllidae. 12 tentacles, 4 rhopalia, niarginal lobes. 
PmpalmaH»; Periphylla II. (Fig. 135). 
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Sub-order 3. CUBOMEBUSAIS {Marsupialida). 



Fio. 187.— The apical half of aCAftryWea 
divided transversely, seen from the 
•ub-iimbrella side. The four oral 
arms are visible. Ov ovaries on the 
four septa ; Ost ostia of the gastric 
pouches; Gf gastric filaments; S 
septa. 


With quadrangular umbrella (Fig. 136), 
4 perradial rhopalia (with otoliths and 
eyes), 4 interradial marginal tentacles, 
4 perradial gastric pouehes, sei>arated by 
long and narrow interradial septa. Gonads 
as 4 jmirs of broad plates fastened by one 
edge to the radial septa (Fig. 137), and 
projecting into the pouche.s. With a 
smooth - edged velarium containing pro- 
longations of the gastro vascular system. 
With a nerve ring on the sub -umbrella 
side of the edge of the bell, haying a zig- 
zag course. 

Fam. 5. Charybdeidae. Procharagvia 
H.; Procharybdis H.; Charybdea Per. and 
Les.; Tamoya F. Midler. 

Fam. 6. Cbirodropidae, Chiropsahnus 
L. Ag.; Chirodropus H, 


Order 2. Ephyroninae. Octomeralia. Discomedusae. 

Acalephae with 8 err more rhopalia (sense tentacles) (4 per- and 
4 interradial^ and often several access(y)'y). Stomach with 8y 16 y 82 y 
or more radial pockets or canals. Gonads suh-gastral (in ventral wall 
of central stomach). Umhrella flaty gerierally discoidal. Larval form 
Ephyra, 

The Ephyi'oninae can at once be distinguished from the Scypho- 
^nednsae by the discoidal lobed umbrella, and usually by the large 
size of the oral tenUicles. The lobes of the umbrella, however much 
they may differ in detail, can always be reduced to the eight pairs of 
lobes of the Ephyra (Fig. 131), which, as the promorph of the 
EphyroninaCy presents most clearly the 8-rayed symmetry character- 
istic of the group. 

The gonads have the form of hoi-se-shoe shaped frills (Fig. 130), 
and project into the widely open subgenital pits. The germinal 
epithelium, which is always embedded in the gelatinous substance 
of the umbrella, is covered with an endodemial layer. Development 
takes place by alternation of generations. In rare cases (Pelagia) 
the development is simplified, and the larva passes directly into the 
Ephyra, missing out the attached Scyphistoma and Strobila stage. 

The gastro vascular system may be pouch-like or canalicular. In 
Aurelia (big. 130), in which it is canalicular, the eight primary radial 
canals (^.c., the four perradial and four interradial) are branched, while 
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tlie oiglit secondary radial canals (adradial) are unbranched. The 
parts of the stomacli from wliich the eight adradial and the four 
interradial canals arise are pouched outwards. 

Sub-order 1. CAKHOBTOMAE. 

With simple quadrangular manubrium without oral arms ; with short solid 
marginal tentacles. 

Fam. 7. Ephyridae. Usually 16 wide gastric pouches, rarely 32-64, without 
terminal branches; usually 8 rhopalia, rarely 16-32; usually 16, rarely 32-64 
marginal lobes. This family may be described as consisting of sexually mature 
Ephy rae. Ephyra Per. and Lcs. ; Palcphyra H. ; Zonephyra H. ; Nausicaa H. ; 
Nausiihoe Kbllikcr ; NauphanUi H. ; Aiolla H. ; Collaspis H. 

Fam. 8. Linergidae. With wide radial gastric pouches, and branched, blind 
lobe-canals; without circular canal. Linantha H.; Linerg^s IL; Liniscus H.; 
Linuche Esch. 

Sub-ordcr 2. SEMOSTOMAE. 

With 4 large perradial oral arms, and with long hollow tentacles. 

Fam. 9. Pelagidae. Semostomeu with 16 simple wide gastric pouches, 
without branched distal canals, without circular canal. Pelagia Per. and Les. 
with 8 adratlial tentacles, 8 rhopalia, and 16 marginal lobes; Chrysaora Per. 
and Lcs., with 24 tentacles (and 8 rhoi^alia), and 32 marginal lobes; Dacty^ 
lomctra L, Ag. 

Fam. 10. Cyaneidae. SemostoTnae with 16 or 82 wide gastral pouches, and 
branched, blind lobe-canals, without circular canal. 16-82 or more marginal 
lobes ; 8 or 16 rhopalia (4 per-, 4 inter-, and 8 adradial) ; 8 or more long hollow 
tentacles. Procyama H.; Medora Couthouy ; Stenopiycha L. Ag.; Dcsmontiiva 
L. Ag. ; Cyanea Per. and Les.; Patera Lesson ; Melusina H. 

Fam. 11. Elosculidae. Semostomae with 16 or more simple unbranched 
narrow radial canals and with a circular canal. 8 rhopalia ; 8-24 or more 
long hollow tentacles. Floscula H.; Floresca H. 

Fam. 12. Ulmaridae. Semostomac with 16 or more narrow radial canals, 
which branch and often anastomose, and are connected by a circular canal, 
8 or 16 rhopalia; 8-24 or more hollow tentacles. Ulviaris H.; Umbrosa H.; 
Undosa H.; Slhenonia Esch.; PhacellopJwra Brandt; Aurelia F4r. and Lea.; 
Aurosa H. 

Sub-order 3. EHIZOSTOMAE.* 

With 8 large adradial, root-like, simple or branched, oral arms, with m^eroua 
suctorial mouths, without central mouth opening, and without marginal 
tentacles. 

Fam. 13. Toreumidae. EhizosUmae with 4 'separated subgenital pits, and 
with ventral suctorial frills on the 8 oral arms (no dorsal frills). 8, 12, or 16 
rhopalia; 8-16 or more narrow radial canals, branched and anastomosing. 
Archirhiza H. ; Toreuma H. ; Folyclonia L. Ag.; Cassiepea Pdr. and Les.; 
Cephea Per. and Les. ; Polyrhiza L. Ag. 

Fam. 14. Pilemidae. JRhizostomae with 4 separated subgcnital pits, and 
with dorsal as well as ventral .sucking frills on the 8 oral arms. 8 rhopalia ; 
8-16 or more branched and anastomosing radial canals, with circular canal. 

* The forms commonly called by the generic name JRhizostoma belong to the 
genus PiUma, The teirn Khizostomae is Aept for the sub-order. 
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ToxochjUiB L. Ag. ; Lychnorhiza H. ; Phyllorhiza L. Ag ; Eupilcma H. ; PiUma 
H.; Phopilema H.; Brachiolophtia H.; Stomolophus L. Ag. 

Fain. 15. Terturidae. Bhixostomae with a single central subgenital porticus 
subgcnital pits united), with ventral suctorial oiul frills only. 8 rhoi»aUa; 
8-16 or more narrow, branched, anastomosing, radial canals. Uaplorhiza H. ; 
Cannorhiza H.; Vermra H.; Crosaosloma L. Ag.; Cotylorhiza L. Ag. ; Stylo- 
rhiza, H. 

Fam. 16. CrambeMidae. IVdzostomae with a single central subgenital 
porticus, oral arms with doi’sal and ventral frills. 8 rhot>alia ; 8 -16 or more 
anastomosing radial canals ; usually a circular canal. Cramhesm H.; Mastiyias 
L. Ag.; Eucranibessa H.; Thysanostoma L. Ag. ; Hiniantostoma L. Ag. ; Lepto- 
brachia Brandt ; Leonura H, 


Class in. AOTINOZOA* (ANTHOZOA). 

is colmial or solitary^ tciih oew2)ha(jeal tulpe^ mesenteric, folds^ 

ami endcnlermal gonevh, A medu- 
said sexual generation is unh'noictL 
I'hc polyp of the Artinozoa Inas 
already l>een descrilx'd (p. 102). It 
dilfei's from tliat of the Hydro- 
medusae in iKMDg larger, in having 
a greater nuiscnlar development, a 
Ixjtter devfdoped structureless la- 
mella or jelly which often contains 
muscular and skeletal elements. The 
development of this jelly, which has 
a tough, (huisc character, is, in the 
colonial forms, greater in the lower 
parts of th(j polyps than in the 
upper, tlie result of which is the 
formation (*f the 1 branched or massive 
coenenchyme (Fig. 138), from the 
surfa^ of which the free ends of th(^ l^olyjKS project. A calcareous 
skeleton is very gencmlly present, but its form and method of 
formation vary in the different grouj)s. 

The mesenteries and tentacles vary much in number. In the 
Akyonaria there are always eight; in the Zoanfharia, in which there 
are primary and secondary mcscntcrie.s, the numlxji* is .sometimes six 

* Ehrenberg, “Beitriige zur physiologiscbcu KcinitnisH der Korallcntliierc iin 
Allgemeinen u. besonders dcs rothen Meeros, etc,” Abhand, d. Ecrliner Akad,, 
1832. Ch. Darwin, The Structure mul Dislrihiifiou of Cora! Jirefa^ Loiidoti, 
1842. J, D. Dana, United StatfS Expl. Exjtcdilion, Zoophyten, Pliiladclpina, 
1846. M. Edwards and J. Hainic, JJutoire Naiurelle dca (Jor/nlhnrcs, a vols., 
Paris, 1857*60. Lacaze putbiers, llistoirc NalurcUc du (hraif Paris, ISCl, 



Fio 188 .— Branch of a polyearlum of 
Corallium ruirrum (after Lacaze Du- 
ttiiera). P polyp. 
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or some of six ; Imt it may 1)C «li(rorciit : imlocd, the {greatest 

vaii(‘ty is fouinl iu tliis cliaractt^i* in the order Zoantharia, 

Th(i gonads arc produced on the mesenteries (Fig. 91), and tlie 
embryos sometimes undergo the early st^iges of development within 
the parent. 

Asexual reproduction by budding and fission is of great importance. 
Ihids can be formed in various jiositions, even at the oral end, in 
wliicli case a strobila-likc form a])pears. In Bladoirochm the buds 
ai)pear at riglit angles to tlie axis of the parent (Fig. 139). 

In Goncu'tinia livolifera the liolyp divides transvemely, a new set 
of tentacles arising on tlie lower half (Fig. 139a). In some cases 
a portion of the basal expansion is sepamted off* by contraction of the 
body, and develops into a new polyp. This is called laceration. 


Fio. 13l». — JtlnsfntriH fi as 
initrix (after C. Seiii- 
lM!r). LK lateral ImuI. 



Fn;. I30(f.— Two stages of transverse fission of Gonactinia 
}u'olifcra^ Sars (after Blochniaii ainl liilgcr). 


If th(*. individuals so produced remain connected >vith one another, 
a i)olyi)'Colony is formed, which may attain very various forms and 
great size. As a rule the individuals are embedded in a common 
body mass, the rocnenrhywe* and their gastric cavities communicate 
more or less directly, so that the juices acquired by the individual 
polyps penetrate througli the wliole stock. This stock alfords us 
an excellent example of an animal community built up out of similar 
memliers. The formation of the generative products alone is some- 
times confined to sjxjcial polyps, which, however, discharge all 
other functions of l^olyp life. 

The skehital formations of the polyps are specially noteworthy. 
In almost every case*, with the exception of Arfiniay there is a deposit 
of solid calcareous matter, and according to the density of tliis deposit, 
th(‘r(^ is producf'd a leatliery, chalky, or even stony framework. 

* Tliis uord is used in a diirercnt sense in the Madreporartit ^ uliich sec. 
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If the skeleton has the form of isolated needles or toothed rods 
(Fig. 140) of calcareous substance deposited in the jolly of the 

coenencliyma (or polyp), the 
j)olyp-stock has a fleshy, Icatlicry 
nature {Alojonaria ) ; hut if, on 
the contrary, the calcareous 
struetiires are fused or ceniente(l 
togetlier, a solid, inT)re or l(*ss 
firm calcareous skehdon is d('-- 
velopod (ComUiuiu, Tuhijiom), 
Finally, the skeleton may he of 
a stony character and secreted 
by tlie ectoderm of the lowei’ 
part of the polyp {Mad re- 
pornria). 

The important diversities of 
form in the polyjvstocks aie 
not only occasioned hy the 
diflerences of structure of the 
skeleton of the polyp, hut are 
also tlie resultant of varying 
methods of growth hy gem- 
mation and imperfect fissi<jn. 
According to the method, lin- 
stocks are 



Fio. 140.— Calcareous IxwUes (f^derodermit^) of 
Alcymaria (after Kolliker). (f, of Plcxnui^la ; 
b, of Gor^onia; c, of Akyoniuvi. 


merous modifications of branched 
distinguished, e.g,, Madrepores (Fig. 141), Ocu- 
Unidae (Fig. 142), and the lamellar and massive 
stocks as Astraea (Fig. 

143) and the Maeayulri- 
nidae (Fig. 144). 

The Anthozoa arc all 
inhabitants of the sea, and 
live mostly in the warmer 
zones, but certain tyjios of 
the fleshy OefaHinia and 
Adinia arc distributed in 
all latitudes. Some geneva 
of the Madi'eporaiia ai^' 
found in th«* d('(‘|» 
where tln^y may hn’m aecn- 
mulations of considerable extent, but tlie ];ulyps which take the. 




Fia. 141.— Jl/arfrrjvjm vnni 
cosa (after B<1. U.). 


Kk;. 141 ilmtirli of 
< uli itn (aft •'> 
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})riuci[)al share iii tlic formation of coral reefs ]iv(; iiear iLe surface, 
Ixdng rarely found <'ilive at a greater depth than 40 fathoms, 'i'hey 
are conlined to a zone extending about 28 degrees on either side 
of the equator, and only here and there extend beyond these 
bounds. Their calcareous skeletons, together with those of mille- 




Fi(i {d'hiiastrnta) j)ectinata Fig. HL—Macandrina (Coeloria) arabica Klz. 

Elirbg. (after Kbinzinger). (after Kluri/inger). 


))ores, the shells of molluscs, echinoderms, annelids, foraminifera, 
cemented together into a compact rock by encrusting organisms and 
])y deposited lime, build up in the course of time masses of colossal 
extent. 

Coral reefs are genei^ally met with in one of three forms, fringing reefs^ harrier 
reefs^ and atolls, 

A fringing or shore reef is a platform of rock skirting the shore and ending, 
seawards, in an abrupt edge from which there is a steep slope down to the sea 
bottom. To a deptli of 20 or 30 fathoms the slope is covered with growing 
coral, the upper part being bathed in the surf of the breaking rollers. The 
upper surface of the outer edge of the reef, which is generally uncovered at low 
water, is higher than the part nearer the shore, and, in exposed reefs, is largely 
formed by encrusting calcareous algae {Nullipores)y which thrive in the freshly 
aerated water. 

In reefs in protected situations some corals, especially the Madrepores j grow 
on the edge of the reef where they are laid bare at low tide. The reef & frequently 
broken here and there by channels which have a depth of a few fathoms and 
run in towards the land in branching and tortuous courses, often expanding 
into irregular pools floored by coral sand. These protected pools and channels, 
whose vertical sides are formed by a luxuriant growth of hard corals, millepores, 
and the leathery colonies of Akyanaria, are tenanted by an abundant reef fauna 
often displaying the most brilliant and varied coloui's. Between the channels 
the surface of the reef is formed of beds of corals which have nearly reached 
the surface, or of tracts of dead corabi'ock, or sand often consisting largely of 
Foraminifera. 

Nearer the land the growth of coral becomes less abundant and the water 
deepens, forming a stiallow channel which at high water may be practicable for 
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vessels of small draft.* The wMth of the reef is laigely depciulcnt on the sloyxi 
of the sea Ixittoin, hccoiuing narrowed in pro|)ortioii as tliis is steep ; and also, 
as Semper has shown, on the set of the currents, which, when they are strong, 
hinder the extension of the reef past which they flow. 

The edge of a fringing reef is often scon to be strewn with large masses of 
dead coral, which have been torn from the outer 8loj>c3 by the breakers and 



Kif;. lUd A l^rrior ivef (from Darwin), .sroii from within, from one of the high peaks m 
Ihilalw.ia, ono <»f (he Society Islands. 

throNvn vpon the reef. Many .such masses must, on the other hand, fall down 
the slope, and here, by their gradual accumulation, together with the shells of 
rtcrojKnls, Foraminifera, and other |>elagic organisms borne by ocean curnuits, 
foriii a basis on which the living margin of the reef may extend outward. 

Tlic stmeture and growth of a fringing reef do not appear to ofler problems 
which arc very difficult to solve, but the case is different when we come to the 
other two classes of reef, the barrier reef and atoll. 



Pin A .sMiitli atoll (from Darwin), 1>eing a sketch of Whitsunday Island in the S. Pacific, 

taken from Captain li(‘e<. l.“y’s Voyage. The whole circle has been converted into land, which 
ia a C' lMjiaialively nre occunencc 


A barrier reef resembles a fringing reef except in one important particular, 
namely, that it i.s separated from the shore by a channel, which is often of great 
width-iind which may attain a depth of 50-60 fathoms. 

The great barrier reef of Australia which runs along the east coast of Queensland 
is over 1100 miles in length, and encloses a channel which is in many jilacds 

* Opposite the moutlis of streams there are wide openings in the reef wliere 
the coral does not grow, by which the fresh waters reach the sea. 
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more than 30 miles wide, and 10 25 fathoms deep. A similar reef, though of 
less extent, borders the western shore of New Caledonia. In many cases, as 
in the Society Islands and elsewhere, a similar barrier or, as it is here called, an 
encircling reef suiTOunds an island or group of islands, having at intervals breaks 
in it, which lead into the deep lagoon channels and are often situated opposite 
tlie valleys on the land. Low islands {coral islands) formed of coral rock and 
sand thrown up by the sea, and supporting a littoral vegetation, are often 
situated on the reef. 



144 /Z —Diagram illustrating Darwin’s view of the formation of a larrier reef from a 
fringing reef (from Darwin). AA outer edge of the fringing reef at the level of the sea; 
D B shores of the island ; A' A' ouIat edge of r^ef (now a barrier reef) after its upward growth 
diiiing a period of subsidence ; CG the lagoon channel between the reef and the island; 
B'B' the shore of (he island. 

The lagoon islands or atolls consist of a similar ring-shaped reef, enclosing 
an ojMjn lagoon in which there is no island (Fig. 1445). There may be gai)s 
leading into the lagoon, or the ring may be so complete, that, as in the case of 
Fakaofu in the Union Islands, it is left at low tide brim full of w\ater standing 
some feet above sea level. The floor of the lagoon is generally nearly flat, 
shelving slightly towards the reef, and is often from 20 to 35 fathoms below 



Ficj. 144 c.— Diagram illustrating Darwin's view of the formation of an atoll from a barrier reef 
hy subsidence. A' A' outer edges of the barrier reef at the level of the sea. The cocoannt 
trees represent coral islets formed on the reef. CO the lagoon channel ; B'B' the shores of 
the island gencnilly formc^l of low alluvial land and of coral detritus from the lagoon channel ; 
A" A" the lagoon of the newly formed atoll. Acconling to the scale the depth of the lagoon 
and of the lagoon channel is exaggerated. 

the surface — whereas the sea outside the reef rapidly deepens, so that it is not 
uiieommou to find a depth of more than 1000 fathonis ^\ithin a mile of the 
r(‘ef. Tlio slots) of the seaward side of the reef below the region of growing 
coral in many cases exceeds an angle of 45®. Low" islands (coral islands) with 
glittering white sand and characteristic vegetation arc often situated on the 
reef, scattered or united into a continuous belt of land. 

The mode of the formation of the atoll has been much discussed. Whatever 
#he foundMtioii of an atoll may be, it is re^uibite (1) tliat il should at one time. 
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at any rate, have reached so near the surface that coral polyps could form a 
settlement on it, and (2), as whole groups of islands have the atoll form, that 
it should in the great majority of cases not rise above that level. 

Formerly the view was held that atolls were formed on submarine moun- 
tains (volcanic) which reached to within the limit of growing coral distanco 
(40 fathoms), but this was objected to on the ground that it was exceedingly 
unlikely that there should have been so many mountains reaching to just within 
Ihe right distance from the surface. But it has recently been pointed out* that 
a large number of banks exist in the ocean, springing from deep water and 
rising to a wide level top at a depth of about 30 fathoms from the surface. 
On many of these banks a lim of growing coral lias been found r.iisod a few 
fathoms above the general level. Such banks have probably been jn-otluccd by 
a submarine volcanic eruption which has formed a mound, sometimes roaebing 
to the surface, sometimes reaching above it, but composed of loose scoriae in a 
more or less finely divided state. AVithin the last fow years the formation of 
such mounds has been observed in different parts of the sea, and they have sineo 
been, or arc now in process of being reduced, by the action of the wavt's on the 
loose material, to the condition of submarine banks such as are known to exist, 
and such as are required for the foundation of atolls. 

Darwin, to whom the existence of these hanks w’as unknown, promulgated 
his well-known theory of coral reefs, which was as follows : fringing reefs are 
formed within the coral-reef zone on the slioros of places Avhero flic conditions 
are favourable for coral growth. Barrier reefs and atolls are derived from fring- 
ing reefs by the subsidence of the land on which the reef is placed. 

If we suppose an island bordei'cd by a fringing reef to begin to subside (Fig. 
144(f), the corals, which as we have seen, are in the most vigorous condition on 
the edge of the reef, no longer limited in their growth by the level of low water, 
will grow upward ; the width of the lagoon will be increased by the extent to 
which the sea now encroaches on the shore, and its depth by the amount of the 
subsidence. Continue the sTibsidciice and the reef will rise like a wall round the 
land from which it Is separated by the deepening lagoon, and the land itself, 
lessened in area, will be reduced to the higher parts of the original mass, forming 
an island or a group of islands in the centre of the wide lagoon (Fig. 144(0* 
The breaks in the fringing reef at the mouths of rivers still remain in the 
barrier corresponding to the valleys, these parts of the shore line having been 
originally free from coral growth. Although the lagoon deepens as the island 
subsides, its depth will not be increased by the whole amount of that subsidence, 
being partially filled up by detrital matter carried down by streams on the one 
hand, and on the other by the material broken off by the wear and tear of the 
breakers on the outside of the reef. 

Continue the subsidence further till the highest mountain peak disappears 
below the waters of the lagoon and an atoll remains, “like a monument, marking 
the place of the burial,” of the island (Fig. 144e). 

In confirmation of his view as to the conditions under which fringing reefs 
are formed, Darwin pointed out that their distribution is in many cases 
coincident with lines of recent volcanic activity, with which elevation of the 
earth’s crust is often associated ; as well as with raised shore lines giving direct 
evidence of elevation. Although not ignoring the jwssibility of atoll-shaped 
islands being foiTiied without the aid of subsidence, Darwin regarded this as 

* See “Foundations of Coral Atolls,” by Admiral W. J. L. Wharton, F.E.S. 
mure 1426, Feb. 26, 1897, p. 390. ' ' 
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exceptional, and, on the whole, the areas in which barrier reefs, encircling reefs, 
and atolls occur were considered by him to be areas of subsidence. To this view 
he was led in part by the difficulty of finding any other foundation for atolls 
than an island which had subsided. Direct indications of subsidence are, from 
the nature of the case, difficult to obtain, but such evidence as we have is 
not altogether in harmony with Darwin’s theory. Thus Dana, although an 
adherent of the view, was of the opinion that the movement now going on in 
many of the Paumotu Islands is one of elevation ; and similar evidence is forth- 
coming from elsewhere (Solomon Islands, Tonga Islands, etc.). Such evidence 
is, on the other hand, in keeping with the view that atolls rest, at any rate in 
some cases, on such banka as those described by Admiral Wharton, and referred 
to above (p. 174). It has been urged by Murray that an atoll on such a basis 
would increase in size by the extension of the reef to seaward on its own talus, 
while the lagoon would bo widened by the solution of the dead portions of the 
reef. A fringing reef would be converted into a barrier reef by the same process. 

The part which the Anthozoa take in the alteration of the earth’s 
surface is considerable. In the present time they protect the coast 
from the consequences of the breaking of the waves, and assist in the 
formation of islands and rocks by producing immense masses of 
calcar(30us matter. In earlier geological epochs they have played 
a still more important part, judging from the great thickness of the 
coral formations of tlie Palaeozoic period and of the Jurassic formation. 

Order 1. Eugosa = Tbtracoiialla. 

Palaeozoic Corals vrith numerous symmetrically arranged sepia 
grouped in multiples of four. 

To these belong the families of the CyathophylUdae^ Stawndae^ etc. 

Order 2. Alcyonaria.* 

Polyjos and polyp colonies with eight pinnate tentacles and eight 
mesenteric folds. 

The Alcyonaria are all marine and, with the exception of the 
Haimeidaej colonial. The buds are formed as a rule, not from the 
bodies of the polyps themselves, but from stolons which originate as 
tul)iilar processes of the body-wall of the polyps at the base of the 
colony (Fig. 145, A), or from the small canals which ramify in the 
common jelly or coenenchyma and connect together the polyps 
(Fig. 145, 1)). In the simplest colonies the polyps arise directly 
from tlie basal stolon {Comularia); an advance upon this occurs 
Mdien the basal part of the polyp acquires a gi*eatly developed jelly, 

* Wright and Studer, “Report on the Alcyonaria,” Challenger ^ports, 1889. 
S. J. Hickson, A Revision of the genera of the Alcyonaria Stolbnifeia,” Tram, 
ZooL Hoc , vol. 13, 1894. A. Kblliker, Anat,-syst, Btsehreihuvg d. AkyQfmrUn^ 
1872. 
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and spreads out so as to form a plate-like expansion of cocnenchyma 
containing endodermal canals from which the new polyps bud 
(Clavularia rosea). By the increase of this basal coenenchyme we 
get the massive colonies of Alcyonium^ with long polyp thbes and 
canal system (Fig. 145, D). Another variation in the colonial 
form may be deduced by supposing the plate-like expansion to be 
invaginated so as to bring its lower surface to the inside, and the 
polyps to the outside. Such a process would lead to the production 
of colonies with an ectodermal axial rod {Oorgonia^ Fig. 145, i?, 
f Permaiula), Calcareous spicules are very generally present. They 
may occur either in the coenenchyma, or in the walls and tentacles 
of the polyps, and they may either be loose or coalesced to form a 



Pio. 145. — Diagrams to show the budding and mode of formation of the colonies of various 
Aleyonaria, At general diagram. 5, Garg<nua. C, Tvhipora. D, Alcyanium, The enteric 
space and canals are black. S oesophagus; se mesenteries; mf mesenteiial filaments; dh 
enteion ; sk axial skeletal rods with lines to show the mode of growth. 

continuous corallum. When this coalescence occurs in the pplyp- 
walls we get the thecal tubes of Tuhipora; when it occurs in the 
coenenchyma, the axial rod of the Sderaxonia {Corallium ruhrum). 
Sometimes the spicules are embedded in a horny material, sometimes 
in a calcareous cement. In the Pennatulacea and the Holaxoyiia 
(Gargmia) there is an axial rod secreted by an epithelial layer 
contained in the stem or axis of the colony. This epithelial 
layer is of ectodemal origin in the Ilolaxonia (Fig. 145, but 
its origin in the Pennatulacea is doubtful (? endodermal). In all 
other cases the spicules arise in the jelly of the coenenchyma. 
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The polyps (autozooids) have eight pinnate tentacles and eight 
mesenteries (Fig. 146). ^Tlic gonidial groove (siphonoglyphe) when 
present is single, and the side on which it is placed is called ventral,* 
The longitudinal muscles are placed on the ventral faces of the 
mesenteries (Fig. 146). The dorsal mesenteries are often longer 
than the othci’s, and are developed earlier in the bud, though later 
in the egg. The polyps vary considerably in their power of con- 
tractility. In the genera, with a good development of spicules in 
the body-wall, there is hardly any retractility, but the tentacles are 
simply folded over the mouth on irritation. In Stereosoina, which 
has a horny layer beneath the ectoderm, the polyps are non-retractile. 
The polyps are often dimorphic. There are the atUozooids with 
tentacles and generative organs, and 
the siphoiiozooids without these struc- 
tures, and with filaments only on 
the Joml mesenteries. A gonidial 
groove (siphonoglyphe) is present 
in the Alcyonvlae and in JSarcojjhy- 
ton; it is absent in the autozooids of 
Pennatuliicea^ Heterojcenia^ and Paror 
(jorgiay but present in the siphono- 
zooids, in which it is always specially 
developed. The Pennatulacea are 
phosphorescent. 

The enteric cavities of the polyps 
are connected with the fine canal- 
system of the coeneiichyma, when 
such exists, and are continued as 
main canals for a longer or shorter distance towards the base of 
the colony. In the Utolonifera they all, of course, open into the 
basal stolon. 

Development. The ova develop inside (as far as the planula) and 
outside the parent. They have yolk, and the segmentation is on the 
centro-lecithal type, and is often delayed until the nucleus has under- 
gone many divisions. There is usually a free-swimming planula-larva. 

Extinct forms.! The genera Heliolites (palaeozoic) and Poly- 
tremacis (chalk, greensand, eocene) were probably Helioporidae^ and 

• This is a special use of. the term ventral, and does not imply any homology 
with tlie ventral surface of bilateral animals. 

t K. A. Zittel, JIandbuch der rala€<»itologief Bd. 1, p. 208. Munich and* 
Leipzig, 1876-80. 


R 



Fio. 146.— Traniverse aection through 
Alcyonium (after Hertwig). JR goni- 
dial groove ; I, S, 5, 4, the four pain 
of septa with their muscles. 
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Heliopora itself is found in the cretaceous formation. Syringopcn*a 
(Silurian, Devonian, Carboniferous) was probably allied to Tuhipora. 
The Favositidae were probably Alcyonarian. 

Suborder 1. PBOTOALCTONABIA. 

Polyps solitary ; with or without spicules* 

Fam. 1. Haimeidae. Eaimea M. Edw.; Hartea P. Wright ; Monoxenia H. 

Sub order 2. 8T0L0NIFEBA. 

Colonial Alcyonaria with a membranous or ribbon-like stolon. Jelly poorly 
developed. Polyps either entirely free from one another except at their bases, or 
connected by horizontal platforms (Tubipora) or connecting tubes {Clavularia 
ffiridis). Skeleton absevt^ or composed of calcareous spicules which may be joined 
together or be isolated. In some cases the body-wall is supported by a homy 
secretion, 

Fam. 2. Comnlaridae. Polyps are not united in bundles, but either spring 
from a plate-like expansion or a creeping stolon ; or are branched and bear 
lateral buds. Comularia Lam. , no spicules, horny secretion on polyp-walls and 
stolon ; Ehizoxenia Ehrb. ; Clavularia Q. and G. ; Sarcodictyon Forbes ; Anthelia 
Savigny ; Oymnosarca S. Kent ; Comulariella Verrill ; Telesto Lamouroux, 
polyps rise from a flat base, or from stolons, and bear buds ; Coelogorgia 
M. Edwards, colony arborescent, an axial polyp with buds ; Cyathopodium 
Verrill, stolons calcified connecting the short cup-shaped polyps ; Scleranthelia 
Studer; An/Ztopodtum Verrill ; SympodiumEhrb ; Hickson, without 

spicules, with non-contractile polyps and tentacles, with a horny layer between 
the ectodem and supporting lamella ; Erythropodium K611. ; Callipodium Verr. ; 
Pseudogorgia Kolb, axial polyp with lateral polyps budded from the upper part. 

Fam. 3. Tubiporidae. Colonics consist of tubular polyps parallel to one 
another, and united by horizontal platforms containing endodemial canals 
(Fig. 145, C), The platforms are formed as outgiowths of the lips of the polyps, 
into which prolongations of the enteric cavity pass to form the endodermal 
canals ; they are at first without or with only a few spicules. The platforms 
and the greater part of the walls of the polyp-tubes contain a skeleton formed 
of coalesced spicules, so that the dry corallum has the form of parallel tubes 
united by lamellae. The first layer of platforms constitutes the plate-like stolon 
of origin. The tubes are divided at intervals by partitions calle<l tabulae which 
may bo funnel-shaped. Tubipora L., the organ-pipe coral. 

Sub-order 3. ALCTOVACBA. 

Colonial Alcyonaria with a ioelUdevdoped canaliferous cocnenehyma and loose 
spicules. Without axial skeletal rod. The buds are formed from, the eoenenchymal 
canalM (Fig. 145, 2>). 

Fain. 4 Zeniidae. Colonies of long polyps, united in their lower portion by 
a canal system, ramifying in a connecting coenenchyma with feebly calcareous 
npicoles. Xenia {Heteroxenia Kdll.) Savigny. 

Fam. 5. Orgaaidaa. Elongated polyps united together so as to form a short 
upright stem. Polyps and tentacles provided with spicules. Organidus 
Danielssen. 

Fam. 6. Aleyonidae. Massive coenenchyma containing the polyp tubes, 
which are united by endodermal canals from which the buds are fomed. 
Isolated spicules in the jelly of the coenenchyma. Cfystallophanes Dan.; 
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Bellonella Gray ; Nidalia Gray ; Paralcyonium M. Edw. ; Sarakka Dan. ; 
Alcyonium L., A, digUatum, dead men’s fingers; Lohularia Savigiiy; Sarco- 
phyton Lesson, with dimorphic polyps ; Lobophytum Marenzeller, with dimorphic 


polyps; Anthomaslus Verr., dimor- 
phic polyps ; Nannodendron Dan., 
dimorphic polyps. 

Fam. 7. Kephthyidae. A branched 
coenenchyma with sterile base and 
terminal polyps. The latter do not 
exhibit separate calycine and ten- 
tacular regions, and there is no in- 
vagination of the latter ; when at 
rest tentacles folded over oral disc. 
Buds arise from fine endoderraal 
canals between the polyps. Voerin- 
gia Dan. ; Fulla Dan. ; Barathrobius 
Dan. ; Oersemia Marenzeller ; Ger- 
semiopsis Dan.; Dri/a Dan.; Duva 
Kor. and Dan.; Eunephihya Verr.; 
Ammotkea Sav. ; Nepkthya Sav. ; 
Spongodes Lesson ; Paranephthya 
Wright and Studer ; Scleronephthya 
Wr. and St.; Chironephihya Wr. 
and St.; Siphonogorgia Roll. 

Fam. 8. Helioporidae.* Compact 
corallum formed in the jelly of the 
coenenchyma. The corallum is tra- 
versed by tubes closed above, called 
coenenchymal tubes (possibly modi- 
fied siphonozooids), and by tubes 
continued from the polyp calycles. 
Both systems of tubes are divided 
by tabulae and are united by endo- 
dermal canals in the superficial 
coenenchyma. False septa formed 
by denticiilations of the margins of 
the calycles. Heliopora Blainville. 

Sub-order 4. P£irKAnrLA(nSA.t 

UnaUached polyp colonies with a 
stalk embedded in mud or sand^ and 
a rachis bearing polyps. The stalk 
generally has an axial rod. 

The stalk is without polyps and 
is embedded in mud or sand. The 



Flo, lil.^KopKohdemium Leuckartii. 


rachis is a continuation of the stalk and canies the polyps, which are arranged 


• H. N. Mosel^, “The Structure and Relations of the Alcyonarian Heliopora 
Coerulea,” Phil, Trans, ^ 1876. 

t A. KolHker, Anat,-syst. Besehreib, d, Alcyonarien Abt, 1. Die Pmnaiuliden 
Frank furt-a-M., 1872. A. KoUiker, “Report on the Pennatulidae," ChalUngef 
Beports, 1880. 
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upon it in different ways. In Veretillum they are distributed all round the 
rachis ; in KophcbeUmiMn (Fig. 147) they are absent on a streak of one side — 
the so-called veiUral side ; in raost genera they are arranged bilaterally, there 
being a dorsal as well as a ventral streak free from them. Further, in some 
genera they are sessile on the rachis, but in the PenncUulea^ or Sea-Feathers 
proper, the polyps are borne only on lateral processes of the cocnencliyma, called 
the pinnules. The pinnules are broad triangular leaf-shaped structures attached 
by their base to the rachis and carrying the polyps on their dorsal edges (Fig. 
148). The polyp-tubes project in some cases to form the so-called cells; the 
cells may have spines or tufts of spicules. 

The polyps are dimorphic ; the autozooids have tentacles and generative organs, 
and are without a gonidial groove ; the siphonozooids possess a gonidial groove 
but are without tentacles and gonads, also they have filaments on the two dorsal 

mesenteries only. The siphoiio- 
2 ooid 8 are distributed over the 
whole rachis in Benilla and Perc- 
tillum ; and in tlie Fenvatutm 
they are on the rachis or on the 
pinnules. 

The stalk generally contains an 
axial calcareous or horny rod sur- 
rounded by a sheath of epithelial 
cells ; and the cocnencliyma and 
bodies of the polyps may contain 
isolated spicules. The polyps are 
continued into tubes which join 
the canal system of the coencu- 
chyma. This canal-system con- 
sists of large canals continued 
down from the polyj)s and oj>cn- 
ing after a longer or shorter 
course into a few ^ main canals^' 
which run in the stalk. There 
are generally four of the latter 
(two in Renilla)^ of which two 
are lateral, one dorsal, and one 
ventral. At the lower end of 
the stalk the lateral canals cease, leaving only the dorsal and ventral. They 
fuse at the end of the stalk and are said to open there. In addition to the 
large canals ther<3 are minute canals uniting them. Some of the i>o1yi>s are 
closed below, and open at their base by narrow openings into the general canal 
system of the colony. 

The Pennatulcuea are not distributed uniformly over all seas. They are 
mainly littoral, but deep water forms are known, and these, it is important to 
notice, belong principally to the simpler families, the Protopiilidae and 
Umhellulidae, They appear to be absent, or nearly so, in the deeper parts of 
the Pacific and Atlantic Oceans and the South Polar Sea at a certain distance 
from the shore. 

Section 1. Pennatulea. 

The Sea-feathers. With pinnules ; rachis with a bilateral arrangement of the 
polyps, elongated, cylindrical. 



A B 


Fio. 148. — Pennatula Sulcata Roll, (after Kolllker), 
Af from the dorsal ; B, from the ventral aide. 
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Fani. 1. Pteroeididae. Pinnules well ilcvclopcd, with sijdionozfKuds on the 
pinnules. Plcrocvlcn Hcrklot ; Gotlrfroyia Koll. ; SaraqihyUma Koll. 

Kani. 2. P^nnatulidae. Pinnules well (lcvcloi)etl ; .siphonozooids on the 
ventral and lateral sides of the raehis. Pen^iatula Lam.; Lcioptihim Verr. ; 
rtilosarcus Gray ; Jlaliscr^ytrum Hcrklot. 

Fam. 3. Yirgularidae. Pinnules small, without a calcareous plate. Virgu- 
laHa Lain. ; Scylalium Herkl. ; Pavonaria Koll. 

Fam. 4. Stylatulidae. Pinnules small, with a calcareous plate. Stylalula 
Verr. ; Dxihenia Kor. and Dan. ; Acanthoptilum Koll. 

Section 2. Spieata. 

Raehis elongated, cylindrical, with a bilateral arrangement of the polyps ; 
without pinnules ; polyps sessile. 

Fam. r>. Funiculinidae. Polyps on both sides of the raehis in distinct rows, 
with cells ; ventral siphonozooids absent. Funiculina Lamarck ; Halipteris 
Koll. 

Fam. 6. Stachyptilidae. Polyps (with cells) on both sides of the raehis in 
distinct rows. Ventral siphonozooids present. Stachyplilum Koll. 

Fam. 7. Anthoptilidae. Polyps on both sides of the raehis in distinct rows, 
without cells. Anihoptilum Koll. 

Fam. 8. Kophobelemnonidae (Fig. 147). Polyps on both sides of the raehis 
in a single scries, or in indistiiu^t rows, large and without cells; raehis elongated, 
cylindrical ; ventral streak of raehis without polyps. Kophohelcmnon Asbjbrnsen, 
Schrohehmnon Koll.; Baihyptilum Koll. 

Fam. 9. Umbellulidae, Polyps on both sides of the raehis in a single series, 
or in indistinct rows, largo and without cells ; raehis short (i.f., the polyps are 
placed at the end of the central stem). Umbellula Lam. 

Fam. 10. Protocaulidae. Polyps on both sides of the raehis in a single 
serie.s, or in indistinct rows, small and without cells. Protocaulon Koll.; 
Cladiscus Kor. and Dan. 

Fam. 11. Protoptilidae. Polyps on both sides of the raehis in a single series 
or in indistinct rows, with cells. Proioplilum Koll.; Lyyoniotyha Kor. and 
Dan.; Microptilum Koll.; Leptoptilum Koll.; Trichoptilum Koll.; Scleroptilum 
Koll. 

Section 3. Benillea. 

Raehis expanded in the form of a leaf, with bilateral arrangetnent of the 
polyps on one side of the expansion ; without pinnules. A single large siphono- 
zooid (exhaleut zooid) terminates the end of the central stem. 

Fam. 12. Benillidae. Pe^Ulla Lam. 

Section 4. Veretillea. 

Club-shaped colonies, without pinnules. Polyps arranged all round the 
raehis. 

Fam. 13. Cavernularidae. Spicules long. Cavern%ilaHa Valenciennes; 
Stylohelcmnon Koll. 

Fam. 14. Lituaridae. Spioulcs short. Liiuaria Val. ; Veretillum Cuv.; 
Policella Gray ; Clavella Gray. 

Sub-order 5. OORGOKACEA. 

Fixed colonial Alcyonaria with a horny or calcareous axial rod, which is 
covered ly a^coenenchyma from which the polyps arise. 
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Section 1. Seleraxonia (Pieudazonia). 

Fixed upright branched colonies. The coenenchyma consists of a canaliferous 
cortical layer (with spicules) in which the polyps are placed, and of a medullary 
substance. The latter contains spiculbs (diderent in form from the cortical 
spicules) which are generally tightly packed, and sometimes fastened together 
by a homy substance, or cemented into a strong axis by caloareous matter. 
Without epithelial layer round the central rod. 

Fam. 1. Briareidae. Coenenchyma consists of a polyp-bearing cortex and 
a medullary substance of closely packed spicules. These are either developed on 
the surface of an upright shrubby colony, or the medullary substance is relegated 
to the interior of a cylindrical stem, over which is spread the cortex. In the 
latter case there is a more or less well-defined axis, which may be permeated by 
nutritive canals. Leucoella Gray ; SoUfMcaulon Gray ; Semperina Roll. ; Suberia 
Studer ; ArUhothelaYerr.; Paragorgia M.-Edw.; Briareum Blainville ; Titani- 
deiim Ag, ; Iciligmgia Ridley ; Spongioderma Roll. 

Fam. 2. Solerogorgidae. An axis consisting of closely intercalated elongated 
spicules with dense horny sheaths. The axis is surrounded by longitudinal 
canals, into which there open the reticulated coenonchymatous canals, uniting 
the polyps. Suherogorgia Gray ; Kerotides Wr. and St. 

Fam. 3. Melitodidae. Axis jointed, consisting of alternate portions of cal- 
careous and soft horny substance. Melitodes Verr. ; Mopulla Gray ; Acdbaria 
Gray ; Psilacaharia Ridley ; Wrightella Gray ; Clathraria Gray ; Parisis Verr. 

Fam. 4. Corallidae. Axis of a dense calcareous mass of fused spicules ; 
polyps dimorphic ; the siphonozooids are said to grow into autozooids. Corallium 
Lam. ; C, rubrum, the red coral (Fig. 188) ; PUurocorallium Gray. 

Section 2. Holazonia (Azifera) 

Coenenchyma branched or simple, with cortical canaliferous layer and axial 
rod, which is either horny, or of calcified horn, or of alternating joints of 
calcareous matter and horn. Axial rod derived from a layer of ectoderm cells 
invaginated at the base of the colony, and surrounding it as an epithelium 
(Fig. 146). 

Fam. 6. Basygorgidae. Simple or branched, coenenchyma thin, polyps 
large; both polyps and coenenchyma contain spicules. When at rest the 
tentacles are folded over the oral disc. Strophogorgia Wright; Chry 9 ogorgia 
Dach. and Mich.; Herophila S teens trup ; Dasygorgia Verr.; Iridogorgia Verr. 

Fam. 6. laidae. Axis consists of alternating homy and calcareous portions. 
Bathygorgia Wright ; Ceratoms Wright ; Callim VeiT. ; Acanella Gray ; Isidella 
Gray ; ScUriiii Studer ; PrimnaUis Wr. and St ; Mopua Lamouroux ; Acan- 
Wr. and St ; Ins L. 

Fam. 7. Primneidaa. Axis calcareous and horny, basal attachment calcareous. 
Polype with club-shaped calycine portion. Operculum calycine formed by some of 
the scale-like spicules of the calycine region, which shut over the tentacular region. 
CdUoxoUron Wri^t ; Calypirophora Gray ; Primma Lamouroux ; Stachyodes 
Wr. and St ; Cadypterinus Wr. and St. ; SUnella Gray ; Thovarella Gray ; 
AmphUaphis Wr. and St ; Plumarella Gray ; Primnoella Gray; Caligorgia Gray. 

Fam. 8. Murieeidae. Axis homy; spicules project beyond the surface of 
coenenchyma ; operculum tentacular, formed by the spicules at the base of the 
tentacles which close over the calyx when the oral region is retracted. Acan- 
thogorgia Gray ; Paramuricea Roll, ; Hypnogorgia Duch, and Mich. ; Muriceidea 
Wr. and St; Clemaiiasa Wr. andSt; VUlogorgia Duch. and Mich.; Anihogorgia 
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Venr.; Menella Gray ; Aei» Duch. and ^ich.; Thesea Dnch. and Mich.; Behryee 
Philippi. 

Fam. 9. PlezanridM. Colony branched, axis homy ; polyps occur all over 
the thick coenenchyma ; spicules large ; cortical club-8ha|)ed and deeper spindle- 
shaped spicules. Ennioea Lamouroux ; Plexaura LamourdUx ; Fsammogorgia 
Verr. ; Plaiygorgia Studer. 

Fam. 10. OorgonidM. Colonies upright and branched usually in one plane ; 
axis homy, rarely homy and calcareous ; polyps arise from stem and twigs in a 
bilateral and biradiate manner. Coenenchyma smooth, spicules small. PlcUy* 
caulos Wr. and St ; Lophogorgia M.-Edw.; J^piogorgia M.-Edw. ; Stenogargia 
Verr.; Callistephanua Wr. and St.; Swiftia Duch. and Mich.; Oorgenia L.; 
Eugorgia Verr. 

Fam. 11. Oorgonellidae. 

Order 3. Zoantharia = Hexactinia. 

Polyps and polyp-colonies^ usually with simple unhranched tentacles. 
There are usuaUy incomplete as well as complete mesenteries^ and the 
tentacles usually alternate in several circles. 

This order includes the Sea-Anemones and Corals. The order 
owes its name Hexactinia to the fact that in some of the best- 
known forms the mesenteries and tentacles are ariRnged in some 
multiple of the number six. There is, however, the greatest valuation 
in this respect, and with the progress of research it has become clear 
that the number six is by no means universally characteristic ; indeed 
we may go further, and say that it is not even typical; and it appears 
probable that, when this matter has been more fully looked into, the 
hexactinian arrangement will be found to be only one of many 
mesenterial arrangements found in the group. In some cases the 
number of mesenteries increases with the growth of the animal. 

Development. Our knowledge is not very complete. An in- 
vaginate gastnila has been observed, with a blastopore persisting as 
mouth, A ciliated, free-swimming larva is usually formed. 

There are three suborders. 

Sub Older 1. ACTIHIABIA.* MALACOBSBMATA. 

Solitary^ rarely colonial polyps with mesenteries^ the number of which is 
usually a multiple of six ; witk<nU hkeleton. Body moving freely ^ or adhereni 
by meam of the pedal disc ; rarely firmly fixed, 

* P. H. Gosse, A History of the British Sea-Anemones and Corals^ London, 

1860. R. Hertwig, ‘‘Report on the Actiniavia,*' Challengtr Reports^ Pt. 16, 
1882. R. Hertwig, Supplement to the above, Challenger Reports^ Pt 73, 1888. 
A.« Andres, “ Le Attinie,” Fauna and Flora des Qolfes von Neapel, 1884. A. C, 
Haddon, “A Revision of the British Actiniae,” Pts. 1 and 2, Sei, Trans, Boy, 
Dublin Soe, (2), 4, 1889-91. J. Pli^fair McMurrich, “Report on the Actiniae 
collected by the United States Fish Commission Steamer Albatross,** Proc, U, S, 
National Museum, vol. xvi. p. 119, 1898. 
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The Zoantheae alone are colonial. As a rule there is a single corona of 
tentacles at the edge of the oral disc; these are the primary (marginal) 
tentacles. When they are in several rows the inner are the oldest. They arise 
both from intra- and intermesenterial spaces (see below, p. 184). In addition to 
those there are in some forms {Corallimorphidae) secondary or accessory tentacles 
arising from the disc midway between the mouth and margin, and these are 
always intramesenterial. There is nearly always a sphincter muscle at the 
peristomial margin, which may be endodennal or mesodermal (i.e. in the jelly). 
It closes the peiistomial margin over the mouth and tentacles during retraction. 
The mouth is usually slit-like, and the oesophagus has two gonidial grooves 
(Gosse). Sometimes there is only one gonidial groove {Peachia^ Zoantheae, 
CerianUius). The thickened walls of these grooves are prolonged beyond the 
lip at the two ends of the long axis of the mouth as two tubercles (called in 
the Siphonactinidae the conchufa). 

The oesophageal lappets arc processes of the oesophageal wall at each end of 

the long axis which hang down 
into the coelenteron beyond the 
rest of the oesophagus ; the gonidial 
grooves are continued on to them. 

The gonidial grooves are, in this 
work, defined as dorsal and ven- 
tral. The ventral groove is the 
most conspicuous, and the only 
one present in Peachia and the 
Zoantheae. When there is only 
one groove, it is not always pos- 
sible to determine whether it is 
dorsal or ventral. In the termi- 
nology which has more recently 
been introduced by Haddon the 
ventral groove is termed the sukits, 
and the dorsal the sulculus. It 
will, of course, be understood that 
the above use of the words dorsal 
and ventral is special to the group, 
and implies no homologies with 
the dorsal and ventral surfaces of 
other animals. 

The mesenterial arrangement 
presents the greatest variation. 
The arrangement* generally described as typical is that of the lie > actiniae, in 
which the mesenteries are arranged in pairs (Fig. 149), and in the simplest cases 
in six pairs. These are the in'imary mesenteries, and they all reach and are 
inserted into the oesoi>hag\is. The mesenteries of each pair are usually provided 
with longitudinal muscles on those faces which arc turned towards one another, 
except on the two |>airs of directive mesenteries ; these carry the longitudinal 
muscles on the faces turned from one another. The portion of coelenteron enclosed 
in each pair of mesenteries is called an intramesenterial space or endocoele, the 
portion between the iKiirs being intermesenterial (ezocoele). There are, there- 
fore, six of the former and six of the latter. There are in many cases secondary 

* For variations see desciiptions of the ditrerent sections 
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Fio, 149. -Transverse section through Adamsia 
{SoqnrtidiXf) (aftt*r U. Ilertwig). }{f the cham- 
bers between the directive mesenteries; iJ 
gonidial grooves. 
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mesenteries (formed later than the primary) in addition to the primary ; these are 
comjdete in most llcmctiniac (incomplete in some Sagartidaej Pcachiat etc.); 
there are six pairs of them, and they are placed in the intermescnterial spaces, 
the longitudinal muscular faces of each mesentery being turned towards the 
corresponding face of its fellow of a pair, as in the case of the lateral primaries. 
Tliere may be, in addition, twelve pairs of tertiary mesenteries and twenty-four 
quaternaries f and so on ; the mesenteries of each order being always in pairs and 
placed in interiiiesenterial spaces. The mesenteries of each order are smaller 
than those of the preceding order, and except in the case of the primaries and 
secondaries do not, as a rule, reach the oesophagus. The space between the 
mesenteries of a primary pair is a primary intramesenteiial space, that between 
the mesenteries of the next cycle a secondary intramesenterial space, and so on. 

The tentacles, like the mesenteries, are in cycles of difTerent age, so that we 
can distinguish tentacles of the first, second, etc. order. There is often a 
corresponding distinction in size {Corallimorphidae)^ and the arrangement of 
the mesenteries is reflected in that of the tentacles. In such cases the six 
largest tentacles arc over the primary mesenterial spaces ; the next six, which 
are a little smaller, belong to the secondary intramesenterial chambers ; then 
follow the twelve tentacles, still smaller, of the tertiary intramesenterial spaces ; 
while the twenty-four last tentacles communicate with the intermesenterial 
spaces. 

Acontia arc present in the Sagartidae, The c])ithelial cells always carry 
flagella or cilia. 

The sexes arc usually separate, but a few arc hermaphrodite. The generative 
cells in some cases, if not all, escape through the gonidial grooves. 

Budding takes place in the colonial Zoaniheac^ and both budding and fission 
are occasionally observed in some solitary forms {Anthea oereus =» Anemonia 
sulcata^ Actinolohay Actinia, and other genera). 

The development of mesenteries in some larval Actiniae is interesting in 
view of permanent arrangements in the various tribes of the Actiniaria, It 
is as follows ; — 

Stage 1, — The two first mesenteries are at right angles to the long axis of the 
oesoj)hagus, and divide the coelcnteron into two, generally unequal, chambers. 

Stage 2. — The mesenteries of the second pair are in the larger of the two 
chambers so formed. 

Stage 2. — The mesenteries of the third pair develop in the smaller of the two 
primitive cliambers. 

Stage 4* — The mesenteries of the fourth pair are within the unpaired chamber 
enclosed by the mesenteries No. 2 (Fig. 149a). 

Stage 5. — Two pairs now arise simultaneously, and for some time remain 
incomplete ; they are respectively between the first and second, and the first and 
third ; their longitudinal muscles face the longitudinal muscles of the first and 
second i cs 2 )cctivcly. When these arc completed Ave get the typical Hexactinian 
anaugemenj. of the above mesenterial pairs ; the third and second are directive. 
M»>reover, it is to be noted that Stage 4 exists permanently in the Edwardsiae, 
while Stage 5 is found in Gonactinia and in a modified form in the Zoanthcae, 

Stage 6'.-“ A pair of small njcsenteries ANith their muscles facing each other 
appears in ea(‘h intcrmcsmtorial chamber (rxo^'oelo), and so with subsequent 
cycles. In Veaehia only four iAaips of secondaiies are formed, those of the 
doi'sal intermesenterial chainlicr (opposite to the gonidial gi*oove) being a!)sent. 

The deep-sea forms are veiy commonly di.'>tinguished by the reduction of their 
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tentacles eren to vanishing point and by the enlargement of their terminal 
openings to large slit-like stomidia*; also by variations from the ty()e of 
mesenterial arrangement. 

The Adiniaria comprise the Sea- Anemones ; they live in the sea, attached to 
rocks or other bodies, or embedded in sand, or sessile, as commensals, on hermit 
crab shells. 

Section 1. Hezaetiniae. 

With paired mesenteries. The mesenteries of each pair are usually provided 
with longitudinal muscular fibres on those faces which are turned towards one 
another, eicept on the two pairs of directive mesenteries, which carry the 
longitudinal muscles on the faces turned from one another (Fig. 149). Six or 
more pairs of mesenteries, increasing in multiples of six.t Mouth slit-like, 
oesophagus usually with two gonidial grooves. 



Kio. 49 a. --Diagram of the growth of the meseoteHea in EexactiniaDB (from Korachelt and 
A, stage of Manicina areolata, with eight primary mesenteries, in transverse section 
(after II. V. Wilson); B, stage o( Aulactinia sMlnides with twelve primary mesenteries (after 
McMurHch). The meaenter es are numbered in the order of their appearance, ec ectoderm ; 
en endoderm ; s supporting lamella ; / mesenterial filaments. 


Sub-tribe 1. BTICHODACTYLIKAB. Tentacles arranged radially, some or 
all of the intramesentcrial chambers communicating with more than one 
tentacle. 

Fam. 1. Corallimorphidae. With a double or multiple corona of tentacles 
(marginal, principal, and intermediate accessory), more than one tentacle com- 
municating with each intramesenterial chamber. Tentacles various ; pedal disc 
present ; gonads on all the septa ; muscular system weak ; sphincter muscle 
various ; acontia absent. Corallimorphus Moseley, from the deep-sea; Corynaciis 
Allman; Ca/pnea Forbes; Discosoma Leuck.; Aureliana Gosse; Bhodactis 

* Recent researches render it probable that in these cases the tentacles have 
dropped off. 

t There is, however, variation in this character, even within the section 
Hcxactiuiae. 
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M.-Ed. and H.; Phymanthus M.-Ed. and H.; Crainhactis Haeckel; OrypUden* 
drum Klunzinger ; Actinothrix D. and M. ; Htterodaciyla Ehr. 

Fam. 2. Minyadidae. Pedal disc transformed into an apparatus for floating. 
Tentacles in some as in the Corallimorpkidfu, Minyaa Cuv.; Dadylaininyaa 
And. ; Acerominyas And. ; Phyllominyas And. 

Sub-tribe 2. ACTIKINAE. Tentacles an-angod in cycles, only a single 
tentacle communicating with each intramesenterial chamber. 

Fam. 3. Antheomorphidae. Tentacles digitate ; pedal disc present ; accessory 
tentacles absent ; gonads on all the mesenteries; numerous complete mesenteries; 
muscular system weak ; without sphincter muscle or acontia. ArUkeomarpke 
R. Heitwig, deep-sea form. 

Fam. 4. Actiniidae. Tentacles digitate, in a single corona; pedal disc 
juesent ; acontia absent, sphincter muscle endodermal, weak ; with numerous 
mesenteries. Actinia Browne ; Aneinonia Risso ; Condylactia D. and M. ; 
Actinioides Hadd. and Shack.; Boloccra Gosse. 

Fam. 5. Aliciidae. With large flat base. Lateral body-wall with simple 
or compound hollow processes or vesicles, mostly in vertical rows. No cinclides. 
Sphincter variable, diffuse, endodermal. Acontia absent. Alicia Johnson ; CyUi- 
actis M.-Edw. ; Thaumaciis Fowler ; Bunodeqpsis And. ; Phyllactis M.-Ed. and H. 

Fam. 6. Bunodidae. Tentacles digitate ; pedal disc present ; acontia absent ; 
sphincter well developed, circumscribed, endodermal ; with numerous perfect 
mesenteries. Tealia Gosse ; Leiotealia R. Hertwig. ; Bunodes Gosse ; Phymactis 
M.-Edw. andH.; Aulaciiniaym,\ Duch. ; EvactisyevT.; Thelactis 

Klunzinger ; Cereactis Andres. 

Fam. 7. Paractidae. Tentacles digitate ; pedal disc present ; acontia 
absent ; sphincter strong, mesodermal ; with numerous perfect mesenteries. 
Paradis M.-Edw,; Dysadis M.-Edw.; Tealidium Hertwig ; Antholoba Hertwig; 
Ophiodiscus Hertwig; Paranthus Andres; Paractinia And.; Actinerus Verr.; 
Adinostola Verr.; Pycnanthus McM. ; Cymbactis McM.; Stomphia Gosse, 

Fam. 8. Amphianthidae. Tentacles digitate ; pedal disc present ; acontia 
absent ; mesodermal sphincter present ; transverse axis of body and mouth 
elongated, so that the two gonidial grooves almost touch ; principal mesenteries 
sterile ; secondary mesenteries incomplete. Attached to the axial skeletons of 
Oat'gonidae, Stephanactis Hertw.; Amphianthus Hertw. 

Fam. 9. Sagartidae. With mesodermal sphincter muscle, usually with 
only a few complete mesenteries, with acontia. 

Sub-fam. 1. Sagartinae. With naked ectoderm, the acontia emitted 
through the mouth and through cincUdes. The mesenteries of the second 
and subsequent cycles may, in a more irregular manner, reach the oeso- 
phagus. Sagartia Gosse ; Cerexes Okon ; Actinoloba Blainv. ; Adamsia 
Forbes, sessile upon Gastropod shells containing a Hermit crab; Cylista 
Gosse ; Mitadis Iladdou and Duerdeu ; Aiptasia Gosse ; Oephyra V. Koch 
{Morph. Jahrb. 4) solitary or colonial, sessile on zoophytes, to which it 
is glued by a cuticular mattei secreted by the ectoderm, >vith more than 
24 tentacles. 

Sub-fam. 2. Chondractininae. With thick body-wall, upper portion 
different in character from the lower, which is provided with a cuticle. 
The 12 primary mesenteries alone are complete and without gonads. 
Acontia emitted by the mouth, cinclides absent. Aciinaxiye Verrill ; 
Chitonanthus McM. ; Hormathia Gosse ; ChUonadis Fischer ; Chondradinia 
LUtken ; Paraphellia Haddon, 
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Sub fani. 3. Phellinae. Sagartidae witli a cuticular covering ; primary 
mesenteries alone lertile. Phcllia Gossc ; Octopht'llia And.; Itynciis And.; 
Amnionactis Yerr. 

Fam. 10. Heteractidae. Tentacles clavate, knobbed. Eluaclis Jlhopo- 
lactis And.; Bagactis And.; Ilcteractis M.-Edw. and 11.; Slauraclis And. 

Fam. 11. Sideractidae. With sixteen pairs of perfect mesenteries, and 
three series of non -retractile tentacles, of which the innermost contains eight. 
Sideractis Dan. 

Fam. 12. Madoniaotidae. With a few principal mesenteries, acontia, and 
a prominent endodernial circular muscular system. Intermediate between 
Bunodidiu and Sagarticlae, Madoniaclis Dan. 

Fam. 13. Andvakiadae. Elongated, without any real pedal disc, seated 
loose in the sand, the greater part of the body encrusted. The uj)i)ormost bare 
part of the body, the oral disc, and the tentacles completely retractile. Few 
mesenteries. Endodennal circular muscular system. Near Sagartidae. 

Fam. 14. Liponemidae.* Tentacles reduced to short tubes or stoniidia ; 
with numerous perfect mesenteries. Deep-sea forms. Polysiphonia R. Hert., 
tentacles short tubes with large terminal opening, allied to Paractidac ; Polg- 
stomidium R. Hert., with stomidia, allied to Actinidae ; Liponema R. llcrtwig, 
stomidia very numerous ; Aulorchis R. Hert., with gonads modified into a tube 
opening through the mouth. 

Fam. 15. Sareophianthidae. Sareophianthus Lesson. 

Fam. 16. Thalassiaxitliidae. Tentacles replaced by bushy excrescences of the 
disc. Tlialassianthus Leuck. ; Actineria Blain.; Megalactis Ehrb. ; Aclinodendron 
Blain. 

Fam. 17. Ilyanthidae. With single corona of tentacles ; pedal disc absent, 
gonidial grooves and sphincter obscure, llyanthus Forbes ; Mesacmaca And. ; 
Jfalcampa Gosse ; Haloampella And. 

Fam. 18, Siphonactmidae. Like the last, but with a gonidial groove, the 
lips of which project beyond the mouth (conchula), Peachia Gossc ; Siphon- 
actinia K. and D. ; Philomednsa MUllcr ; Actinopsis K. and I). 

Danielssen’s genera Aegir and JRwyat do not exist. They were founded upon 
mutilated specimens. 

Section 2. Paraotiniae. 

With paired mesenteries. There are two pairs of directives, and the longi- 
tudinal muscles are arranged as in Uexaetinia. Number of mesenteries has no 
relation to the number 6. With two gonidial grooves and two oesophageal 
lappets. 

Fam. 1. Sieyonidae. Sessile, with tetramerous arrangement of the mescntciics, 
sphincter muscle mesodermal, tentacles as short knob-like stumps. Possibly 
related to the Telraeorallia, Sicyonis R. Hert. Deep-sea form. 

Fam. 2. Polyopidae. Without pedal disc, tentacles transformed into 
stomidia.]: Polyopis R. Hert. Deep-sea form, probably tetramerous. 

* Fide note on p. 186. 

t D. E. Danielssen, “Actinida,” The Norwegian North Atlantic Expedition 
1876-8. 1890. 

t See note on p. 186. 
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Section 3. Protactiniae (Protantheae). 

With 12 primary and 1 or 2 pairs of secondary mesenteries, which are dorsal 
rather than ventral. Body-wall and oesophagus with ectodermal ganglionic 
and imiscular layers. 

Fani. Gonaetinidae. Scytophorus R. H. ; Goiiactinia Sars, with the power of 
transverse fission ; Oractis McM. ; Protanthea Calg. 


Section 4. Edwardsiae. 

Without pedal disc, with 8 mesenteries, including two pairs of directive 
mesenteries and 4 unpaired mesenteries (Fig. 150). All mesenteries with gonads. 
Tentacles usually more numerous than the mesenteries. The muscular (longi- 
tudinal) faces of the 4 unpaired mesenteries are all turned the same way. Live 
in sand. Edirardsia Quatrefages. 



Fio. 150. — Olngraiii of the ariaiigeiitent of 
the muscle.s and nuseiiteries of Edminisia 
(from Clniii after Boveri). 5, S sagittal 
plane; a, a gonidial groove.s. 



Fio. l51. — Diagram of a transverse section 
through a young ZoanthiM. The section is 
a little oblique. D dorsal, V ventral side ; 
X gonidial groove ; c mesenteric filaments ; 
si iracro-, s^ micro-mesenteries (from 
Perrier). 


Section 5. Zoantbeae. 

With numerous mesenteries of two kinds, (a) imperfect sterile micro-mesenteries, 
(b) larger perfect macro-mesenteries with gonads and filaments : the two kinds 
(Fig. 151) usually placed alternately, so that each pair is composed of a larger 
and a smaller mesentery ; two pairs of directive mesenteries, one pair consisting 
of macro , the other pair (dorsal) of niicro-niesenteries ; one gonidial groove 
ventral (near largo directives). Usually colonial ; wall of body usually traversed 
by ectodermal canals, and encrusted with foreign bodies which may even bo 
embedded in the wall The longitudinal muscular faces of the mesenteries of 
each pair are arranged as in Uexac'iniae, New mesenteries are formed in the 
inter-mesenterial space on either side of the ventral directives. The colonial 
forms arise either from a branched stolon, or from a broad basal pla^ containing 
anastomosing endodermal canals. 

Fam. Zoanthidae. Zoanthus Cuvier;* Gemmaria D. and M.; Isaurus Gray ; 
Palythoa Lamx.; Sphenopus Stenstr,, with rounded aboral end, embedded ia 
sand ; Epizoanthus Gray, often on lierniit-crab gastropod shells ; Parazoanihun 
Haddon and Shack. 
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Section 6. Ceriantheae. 

With numerous unpaired mesenteries (Fig. 162), and a single gonidial groove 

(ventral). The two mesenteries attached 
to the gonidial groove (directive) are 
very small ; the mesentery on either 
side of these is large, and reaches to 
the aboral end ; the remaining mesen- 
teries diminish in size towards the dorsal 
region where new mesenteries are added 
(not ventrally as in Zoantheae). 

Fam. Cerianthidae. With a double 
corona of tentiiclcs, marginal principal 
and circumoral accessory ; aboral end 
rounded ; without sphincter. With an 
aboral pore and a sheath of mud, sand 
grains, and nematocysts, in which the 
aboral end of the body lies as in a 
case. Ceriantkus D. Chiaje ; Bathyan- 
thus Moseley; Arnchnactia Sars, pelagic 
(possibly a larval form). 

Sub order 2. ANTIPATHAKIA.* 

Colonial Zoaniharia vnth a tendency to hexamery ; with a vstuilly hranchedf 
ixuily hollow^ homy skeletal rod contained in an epithelial sheath. 

The cocnenchynia consists of the fused bases of the polyps ; it is always thin 
uid without spicules. Except in one genus there is a central horny rod, round 
^vhich the coenenchyina is disposed. The origin of the epithelial sheath which 
surrounds the rod U unknown. The polyps have generally six tentacles and six 
primary mesenteries, four of which are directives, and the other two transverse. 
The transverse mesenteries bear the gonads. The 4 or 6 secondary mesenteries 
fade away in the lower part of the polyp. The polyps are always much elongated 
in the transverse axis {i,e, at right angles to the elongation of the mouth), and 
in the Schizopathinae the body is actually constricted into three divisions, two 
lateral containing the gonads and one central with the mouth. Each division 
has two of the tentacles. To this phenomenon the name pseudo- dimorphism 
rather than dimorphism (gonozooids aud gastrozooids) should he applied. 

Fam. 1. Savagliidie. With 24 mesenteries and tentacles. The colonies are 
without an axial rod, but form a sheath round Gorgonid skeletons. Polyps 
with typical Actinian structure. Probably Actiniarians. Savaglia Nardo 
(Oerardia L. Duth.). 

Fam. 2. Antipathidae. With 6 tentacles, 6 primary mesenteries, and with 
or without 4 or 6 secondary mesenteries. The two lateral primary mesenteries 
bear the gonads. The axial skeleton is spiny and has a central canal. 

Sub-fam. 1. Antipathinae. Polyps not pseudo -dimorphic, each with 
6 tentacles; transverse axis of the polyp more elongated than the axis 
(sagittal) which is marked by the long axis of the mouth. Cirripathes 
Blainv. ; Stiehopathes Brook ; Leiopathes Gray ; Antipathes Pall. ; Anti- 
paihtUa Brook ; Aphanipathes Brook ; TylopcUhts Brook ; Pteropathes 
Brook ; Parantipathes Brook. 

• 0. Brook, Report on Autipatharia,” Challenger Beports^ Pt 80, 1889. 





Fio. 152.— Diagram of the arrangement of 
the mesenteries of Cerianthvs. a goni- 
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Sub- fain. 2. ScMzopathinae, Polyps exhibit pseudo-dimorphism ; each 
with two tentacles {i,e, 6 to each polyp). Schizopathes Brook ; BoUhypathes 
Brook ; Taxipaihes Brook ; Cladopathes Brook. 

Fani. 3. Dendrobrachiidae. With branched retractile tentacles. Axial rod 
without central canal. Anatomy not known, possibly Alcyonarian. Dendro- 
braxhia Brook. 

Sub order 3. MADREPOBABIA.* 

Colonial^ rarely solitary ^ zoanxiharian polyps^ which secrete by the ectoderm a 
continuous and complicated calcareous corallum. 

This old and apparently well-established division of the Zoaniharia is still, 
from a structural point of view, very imperfectly known. The less important 
features of structure, viz. the arrangement of the hard parts — the corallum— has 
been minutely examined, but the soft parts have been neglected, and had it not 
been for the investigations of the Oxford School, and of v. Koch, we should still 
know very little more about them than we do of the soft parts of extinct forms. 
These investigations which will, we may hope, soon lead to the possibility of a 
satisfactory classification of the sub-order, have established .the following im- 
portant points: (1) the complete disestablishment of the Tabulate division, 
which, on examination of the soft parts, has been found to comprise forms 
belonging to Hydromedusae^ Alcyonaria^ as well as to Madreporaria ; (2) that the 
corallum is entirely a product of the epithelial ectoderm, and lies wholly outside 
the animal ; (3) that the structure of the polyps varies in the different groups, 
though the Hexactinian type seems on the whole to prevail. The most important 
deviations from that type, so far known, are presented by those forms, in which 
the directive mesenteries (if indeed they can be called so) present the same 
arrangement of their muscles as do the other pairs (Lophohelia, Mussa^ Euphyllia, 
Hetcropsammia)^ and the number of mesenteries and tentacles is not a multiple 
of .six. 

Acontia appear to be absent ; but peristomial cinclides are said to be present, 
allowing of the emission of the much convoluted mesenteric filaments. The 
colonies are generally dioecious ; and the gonads are borne upon all or certain 
of the mesenteries. Pores at the apex of the tentacles seem to be absent. 

Asexual reproduction by budding, or by fission, is always present. In Fungia 
and its allies there is formed from the egg a fixed nurse-stock, which has the 
property of nipping off its disc-shaped apical portion, and of fonniiig in its 
place a new disc. The fixed nurse-stock is a typical polyp with theca and septa, 
and at first it does not terminate in an expanded disc. When the walls of the 
theca, which are at first vertical, have whlened out into a disc, the lower 
part of it forms a stalk. It is this stalk which is left after the fission, and 
which produces a new disc. The new disc is not a bud, but is a product of 
the growth of the structures already existing in the base of its predecessor 
(Lister, Q, J, M, S., 29). It is not certain wliether the Fungia stock increases 
by budding. 

* Martin Duncan, “A Revision of the Families and Genera of the Sclero- 
dermic Zoantliaria," Journal of the Linncan Society, vol. 18, 1885. H. 
Moseley, “Report on the (xuals,” Challenger Reports^ 7, 1881. (J. C. Boui. 

“Anatomy of Mussa and Euphyllia,** etc., Q. J, M, S., 27 1 1887, p. V!. 
G. II. Fowler, “ Anatomy of the Madreporaria, I. V., Q. J, M. /S'., V(‘I. J 
to vol. 28. Ko(‘li, “ Ub. i]. Verlniltnis, v. 8kelot u. Weiclitheile l>. d. 

Madrejtoreii,’* Movj^h Jah/b., 12, 1886. M. M. Ogilvi', “Microscopic And 
systematic study ol Madieporariau types uf Corals,” Fhii. Trans. ^ 187, D96. 
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In tlje colonial forms, fission by division of the polyps into two may occur 
{Oadiiiae^ Aslraea)^ or the division may he coiiHiied to the oral disc, so that 
a complex polyp is formed, with several mouths and oesophaguscs opening into 
a common coelenteron (Macaiidnna, Fig. 144). In many cases, perhajis the 
majority, the colony is increased by budding from the extra-thecal cocnosark. 

The hard stnicturcs or corallnm follows more or less closely the shape of 
the polyp, and were at one time thought to bo actually contained in the 
tissue of the polyp. They consist of a cup or theca, from which the polyp 
projects and into which it can shrink, and in some forms of a connecting 
substance, which may or may not be porous, connecting the cups — this is the 
coenenchyma. The cup lias, projecting inwards from its walls, a number of 
radiately and vertically arranged calcareous plates, which suggest calcified 


mesenteries. These are the septa; 
they are not mesenteries, hut occur 
between mesenteries. The cup 
presents a basal plate below, from 
which rise the tualls. 



Fio. 158.' -Basal plate of a larva of 
Aiti'oides calycularU, soon after at- 
tachment. With 12 radial ridges 
(after Lacaze Duthiers, fhim Bal- 
four). 





Fio. 164. —Diagram to exhibit the relations of 
the polyp to the corallum. 2’ tentacles; ec 
ectoderm ; ed endoderm ; st oesophagus ; mf 
mesenterial filaments; r extra -thecal coelen- 
teron ; m mesentery ; m' extra-thecal portion 
of mesentery ; Bp basal plate ; ep epitheca ; 
2% theca ; cy calicoblasts (after G. 0. Bourne). 


* 

The hard structures or corallum are secreted by, and on the outer side of, 
the ectoderm. 

The first part of the skeleton to appear (Astroides calycularis) is an annular 
basal plate (Fig. 15S), incomplete at first in its central part, between the basal 
ectoderm and the surface to which thf young polyp is attached. Next twelve 
radially arranged folds of the basal body-wall rise up and project into the 
entcron. The ectoderm of these folds secrete calcareous deposits, which 
constitute the first trace of the .septa (Fig. 163). The folds of the septa 
ditfer from those of the mesenteries (between which they are placed) in being 
folds of the whole body- wall, and not of the endoderm alone. 

The septa, therefore, arise as rod-shaped structures in continuity with the 
basal plate. They increase in thickness and height as the polyp grows, and 
their outer ends, which do not reach to the body-wall of the polyp, become 
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forked. The theca is formed by the junction (complete in the Aporosa, iiicoiu> 
plete in the Porosa) of these forked extremities of the septa. 

From this account it is obvious that the theca must not only project into 
the cavity of the i)olyp in exactly the same way as do the septa, and divide 
it into an extra- and intra-thecAl portion (Fig. 164), but also must divide 
the mesenteries in a similar manner. This is actually found to occur in adult 
polyps, in which the body-wall projects over the lip of the calycle and lies 
on the outer side of the theca (Fig. 154, r). 

It appears that when the polyps of a colony are connected by soft tissues 
(coenosark), the connection is effected by this extrarthecal portion of the polyp, 
and that the so-called coenenchyme or hard matter filling up the valleys between 
adjacent polyps is secreted 
by the ectoderm on tho 
lower side of this connecting 
coenosark. The coenosark 
is generally broken up into 
canals which, in the Porosa^ 
communicate with the coel- 
enteron of the polyps by 
apertures left in the theca, 
and may in some cases, at 
any rate, be embedded in 
the superficial layer of the 
hard coenenchyma. The 
extra -thecal coelenteron is 
confined to the upper part 
of the thecae, and the 
coenosarkal continuation of 
it over the coenenchyme 
(when present) may or may 
not be broken up by con- 
tinuations of tho mesen- 
teries. When there is no 
coenenchyme, and the thecae 
are isolated from one another 
except at their base, the 
living tissues appear to have 
died away round the basal 
parts of the thecae. 

As may be gathered from 
the last statement, the 
polyps ascend as tho thecae grow and forsake the lower older parts of the cup. 
In their ascent the ectoderm of their basal walls secretes calcareous laminae, 
which may either completely occlude the cup — as the tabulae of Seriatopora 
and Pocillopora^ or merely stretch as imperfect plates between the septa as the 
so-called dissepiTneiits, 

Synapticula are more rod-like calcareous structures passing from septum to 
septum through the mesenteries. The columella (Fig. 155) is a central calcareous 
projection into the theca rising up from the basal plate, and pali (Fig. 166) are 
acce.ssory columellae arranged in a circle round the central columella, and 
sometimes joined to the edges of the septa ; they are sometimes looked upon as 

c 



Fio. 155.— Vertical section through a polyp of Attrcvlei 
calycularia (after Lacaze-Duthiers). The mouth-opening, 
oesophageal tube and mesenteries are seen ; also the 
calcareous septa between the mesenteries, and the 
columella Sk (the line from Sk should be produced to 
the middle of the cup). 
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projections of the septa. The costcLe are vertical ridges along the on (.side of tlie 
theca T th^ y are extra- thecal projections of the septa. 

The septa nmy be confined to the intramcsenterial 
spaces, or they may occur in the intennesenterial 
as veil. Tliey are generally present in cycles of 
diflfereiit ^izes like the mesenteries, but the number 
is not always a multiple of six. 

The epitheca when present is outside the theca ; 
it is attached to the edge of the basal plate (Fig. 

P 154). 

Section 1. Aporosa. 

Solitary or colonial forms. Hard parts usually 
solid and imperfoiate. Theca or wall solid, may 
be cpitliecate. Septa solid near the wall, and 
usually, but not invariably, solid at the further 
part. Interseptal loculi (ie,, the chamber^- betv.een 
the septa) open throughout, or closed more ./r less 
by endotheca in the form of dissepiments and 

« XT 1 X. tabulae. 

Fio, 156. — Vertical section ^ ^ ^ i ^ x 

through the cup of Cyathina One or more rows of tentacles in relation to ihc 

cyathus B. and H. = Cargo- septa and interseptal loculi. The disc with one or 
j^ylliacyathut lAink. (alter jjiore mouths; a mesentery usually in each inter- 

pali; (Tcolumella. * septal loculus. Mesenteries usually in multiples 
of six. 

Fam. 1. Turbinolidae. Corallum simple (solitary), or in colonies. (J emula- 
tion from the wall or from an expansion of the basal structures. Wall solid. 
Septal loculi open to the base. Endotheca rarely present. 

(a) Corallum simple, rarely producing deciduous buds. Smilotrochus Ed. and 
H. ; Onchotrochus Duncan ; Desinophyllum Ehrb. ; Sc?tizocyath\is Pourtales ; 
Flabellum Lesson; Bhizotrochus Ed. and H.; Thysanus Dune.; Placotrochus 
Ed. and H.; Sphenotrochus Ed. and H. ; Nototrockxis Dune.; Flacocyathus Ed. 
and H. ; Platytrochua Ed. and H. ; Turbinolia Ed. and H. ; Stylocyathus d’Orb. ; 
Co 7 t 4 )qf cUhus d^Orh,; Pistylia T, Woods; Trematolrochus T. Woods: Trochch 
cyathus Ed. and H,; Deliocyathus Ed. and H. ; Odontocyathus Moseley; 
Caryophyllia Lmk. (Fig, 156) ; Ceratotrochus Ed. and H. ; Disc->ciiathhs Ed. 
and H.; Brachytrochus Duncan ; Sdbinotrochus Dune.; StephaTwtrochus Moseley; 
Anthemiphyllia Pourt.; FungiacyaXhvA Sars ; Quynia Dune.; Duncania Pourt.; 
Haplophyllia Pourt. 

(5) Colonial ; buds free above their origin ; no exotheca uniting the corallites. 
CoenocycUhus Ed. and H.; Qemmulatrochus Dune. 

(c) Colony growing from basal expansions; exotheca absent Polycyathus 
Dune. 

Fam. 2. Oculinidae. Colonial, in the form of branches, espaliers, irregular 
ramifications on a thick stem ; or massive, or incrusting. Interseptal loculi 
usually open to the base, but dissepiments or tabulae sometimes occur. Walls 
of corallites often increasing in tliickness exogenously with age, and becoming 
a solid mass by union with others. Solid intercalicular coenenchyma usually 
present Polyps when expanded rising above the wall, or long and exsert, the 
mouth protruding ; the tentacles 10 to 48 or more, elongated, tips usually 
swollen or capitate. 

(o) Massive or incrusting colonies. Columella and pali absent, or a false 
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columella may be present. Coencnchyma well doveloped between the calicea. 
Baryheliaf Ed. and H.; Neohclia Moseley ; Diblastis Lonsdale. 

(6) Dendroid or bunch -shaped colonics. Corallites often coalescing ; gemma- 
tion alternate. Columella absent or rudimentary. Tabulae or dissepiments 
present or not. Lophohelia Ed. and H.; Amphihclia Ed. and H.; Acrokelia 
Ed. and H. 

(c) Arborescent or tufted colonies. Gemmation rarely from one side only. 
Columella various. Oculiim Ed. and H. ; Cyathohclia Ed. and H. ; Trymoktlm 
Ed. and H. ; Sdcrohelia E>1. and H. ; Bathclia Moseley. 

{d) Branched espalier-like colonics. Corallites projecting or twisted. Colu- 
mella styliform. No pali. Coencnchyma well developed. Ptohelia E. dc Fro. 
Jurassic and cretaceous. 

(t.) Arborescent, palmate, or incrusting colonies. Septa few, unequal. Colu- 
mella styliform. Costae short or absent. Slylo)}hora Ed. and H. ; Madmeis 
From, 

Fam. 3. Poeilloporidae. Colonial, with tabulae ; septa small ; columella 
well or ill developed. Intcr-corallite structure coenenchymal and solid. Polyps 
with disc, tentacles, and one pair of long mesenterial filaments. Pocillopora 
Lamarck ; Serxedopora Lamk. 

Fam. 4. Astraeidae. Solitary or colonial, rarely reproducing by deciduous 
buds. Colonies increase by gemmation and fi8sij)arous division. Interseptal 
loculi with dissepimental endotheca, rarely tabulae. Soft parts resembling 
those of Turbinolidae ; the long serial calices have several mouths in the limited 
disc which is surrounded by tentacles. Corallites may unite by their walls, 
but true intermural solid coenenchyma is rarely seen. Includes the so-called 
brain corals. 

Sub-fam. 1. Astraeidae simplices. Simple solitary forms. Propagation 
rarely by d('(dduous buds. Pali present or al)scnt. Endotheca always 
present, but variable in amount. Lopkos^nilia Ed. and H. ; SpheTw- 
phyllia Moseley; Parasmilia £d. and H. ; Dasmosjnilia P.; Lithophyllia 
Ed. and H.; A stcrosmilia DmiCAii, 

Sub fam. 2. Astraeidae reptantes. Colonies composed of short coral- 
lites, which arise by gemmation from stolons or basal expansions. Cylicia 
Ed. and H. ; Aatrangia Ed. and H. ; Ulangia Ed. and H.; Colangia Pourt. 

Sub-fam. 3. Astraeidae gemmaiites. Colonies increasing by gemmation 
from th(' wall below the calicular margin. Endotheca dissepimental. 
Cladocora Ed. and H. ; Pourialosmilia Duncan. 

Sub-fani. 4. Astraeidae caespitosae. Corallites isolated terminally, 
being free at their sides, springing from a common parent ; increasing 
by fissiparity, separation occurring rapidly or serial growth persisting. 
Gemmation rare. Eusmilia Ed, and H.; Solevosmilia Dune.; Ectsr/phy/lia 
Ed. and H. ; Bendrocorif Dune ; Trachyphijllia Ed. and H. ; Mussa Oken. 

Sub-fam. 5. Astraeidae eo&fluentes. Increase by fissiparity, with 
excess of seiial growth. Gemmation may occur. Corallites united by 
their walls, costae, or by intermediate tissue, or free. EuphyUia Ed. 
and H. ; JJendrogyra Ehrbg.; Pcctinia Okon ; Diploria Ed. and H.; 
Manieina Ehrb.; Maeandnna Ed. and H. ; Cocloria Ed. and H. ; Leptoria 
E<l.and 11.; Symphyllia Ed, and II.; Mycetophyllia Ed. and H. ; UlophyUia 
Ed. and H. ; Tridacophylluf Blainv. ; ColpophyUia Ed. and H.; Scapo 
phyllia Ed. and H.; Plerogyra Ed. and H.; Physogyra Quelch; Eydnophora 
Ed. and H. 
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Sub fam. 6. Astraeidae agglomeratae fissiparantes. Colonies massive 
or incrusting. Corallitea increasing by iissiparity, and sometimes also by 
gemmation ; united by costae or coenenchyma ; not forming long series. 
Dichocoenia Ed. and H.; Favia Oken ; Goniastraea Ed. and H. 

Sub-fam. 7. Astraeidae agglomeratae gemmantes. Massive and foliaceous 
colonies. Colonies increasing by gemmation from the wall from within the 
calice, or from intercorallite tissue. Corallites joined by costae, exotheca, 
or peri theca, or fused by their walls. Endotheca vesicular, rarely tabulate. 
Heliastraea Ed. and H.; Phymasiraea Ed. and H.; SolenastrcLca Ed. and 
H.; Plesiastraea Ed. and H.; Echinopora Dana; Ocdaxea Oken; Acan- 
thopora Verrill ; Leptasiraea Ed. and H. ; Acanthastraea Ed. and H.; 
Astrocoenia Ed> and H.; Prionastraea Ed. and H.; Merulina Ehrbg.; 
Moseleya Quelch. 

Section 2. Fungida. 

Solitary or colonial forms. Septa and septo-costae with synapticula, which 
cross the interseptal and intercostal loculi. An endotheca is present or absent. 
Basal structures perforate or imperforate. Soft structures with short, lobe-like, 
scattered, .sometimes obsolete tentacles, not cfovered when contracted ; discs not 
circumscribed, and in colonial forms confluent. 

Fam. 1. Plesiofungidae. Transitional between the Ai^orosa and Fungida, 
Simple or colonial, with Sjmapticula in the interseptal loculi, besides endothecal 
dissepiments. Septa solid and imperforate, occasionally perforate and trabeculate. 
Epistreptophyllum Milaschewitsch ; Siderastraea Blainv. ; Polyaraca Fritsch. 

Fam. 2. Fungidae. Simple or colonial, usually depressed ; septa solid or 
porous. With synapticula, without dissepimental endotheca ; tentacles short ; 
scattered, sometimes absent. Wall perforated and echinulate. Fungia Dana ; 
Diafungia Duncan, both solitary. The following are colonial : llalomitra Dana ; 
SandalolUha Quelch ; Cryptahada Ed. and H. ; Herpolitha Esch. ; Polyphyllia 
Q. and G. ; LitfuuUinia Lesson ; Eoopihcs Dana. 

Fam. 3. Lophoseridae. Wall neither perforated nor echinulatcd. Simple 
forms. Trochoseris Ed. and H. ; Cyclcmris Ed. and H.; Diaseris Ed. and H.; 
Bathyactis Moseley; Psammoseris Ed. and H, ; StepJianoseris Ed. and II. 
Colonial forms : Cyathoseris Ed. and H. ; Lophoseris Ed. and H. ; Haloscris 
Ed. and H. ; Tichoseris Quelch ; Mycedium Oken. ; Phyllastraea Dana ; Trachy* 
pora Verrill; Leptoseris Ed. and H.; SiephuTiaria Vcnill ; Agaricia Lamck. ; 
Pledoseris Duncan ; Psammocora Dana ; Pachyacris Ed. and H. ; Coscirutraea 
Ed. and H. 

Fam. 4. Anabaoiadae. Simple or colonial, septa trabeculate and fenestrated. 
Synapticula small. Dissepiments absent Wall indistinct. Anahacia d’Orb. 

Fam. 5. Plesioporitidae. Transitional group with regularly perforate septa. 
MeaTidroseris Rouss. ^ 

Section 3. Perforata. 

Corallum entirely or almost entirely composed of porous or rctieulate coenen- 
chyma. Dissepiments and tabulae may be present or absent. Septa solid or 
much perforated, or represented by trabeculae only. 

Fam. 1. Eupsammidae. Simjfle or colonial. Walls with costae and apertures 
in the intercostal sjmees. Calices well developed. Increase by gemmation and 
flssion. Steplianophyllia Michelin.; Leptopemts Moseley, deep-water, southern 
liemisphcre ; Balanophyllia S. Wood; Thccopsammia Pourt.; Eupsamviia Ed. 
and H. ; Uderopsammia Ed. and H.; Dendrophyllia Ed. and H. ; Puchypsainmia 
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Verrill ; Lq)topsammia Eel. and II. ; Endopmmmia Ed. and IT ; Aslroides Blaiiiv. 
(Fig. 155); Lohopsammia Ed. and H. ; lihodopsammia Seminar ; llhizo 2 )sammia Verr. 

Fain. 2, Hadreporidae. Colonial, arising by gemmation from the sides of 
the iiarciit X>oly[) : cocncnchyina more or less abundant, spongy and reticulate, 
slightly or not distinct from the porous corallite-walls. Madrepora L.; Turin- 
rtaria Oken ; Astraeopora Blainv. ; Montipora Q. and G. ; Anacropora Ridley. 

Fam. 3. Poritidae. Sclcrenchyma reticulate and perforate. Septa never 
completely lameliary. Walls very porose. Corallitcs increasing by gemmation, 
and united directly or by intervening i)orous sclcrcnchyraa, Torites Ed. and 
H. ; Synnraea Verr,; Napopora Quelch ; Rlmlaraca Ed. and H.; Alveopora 
Q. and G.; Lichoruea T. Woods. 


Sub-phylum II OTENOPHORA.^ 


Free-sicimmintj^ tranfq)arent pelatfir roekm- 
teratay trifh eitjht DieiHdUmal roira of vih rattle 
platee formed of fused ritia. 'They possess 
an oesophayeal iuhe— called the stomach — 
lined hy ectoderm, and a yastrotmeular 
canal system, Nematocysis are almost 
always almnt. 

The fumhimental form of the Ctenojdiora 
ii.. a gelatinous, spherical, or ovoid body, 
Avhicli swims in the sea by the activity of 
its ciliated jilates. It has two poles — the 
oral pole marked hy the mouth, and the 
aboral polo marked by the sense organ. 
The line connecting these two poles is the 
main axis, and in describing the structure 
of the body it is important to recognise two 
j)lanes which pass through this axis at right 
angles to one another. The mouth leads 
into a tulDO called the stomach (sometimes 
called oesophagus or stomodaeum, because 
it is lined by ectoderm), and the stomach 
opens into the central part of the gastno- 
A ascular apparatus called the funnel (infun- 
dibulum). The stomach is furnished with 
two hepatic bands. Both stomach and 
funnel are flattened sacs, and both lie in 
the main axis — the funnel of course above 
the stomach — but with their long diametei's 



Fid. 157. — Homiphofa {Cp- 
dippe) phtmoia (aftar GhonX 
0 mouth. 


* C. Chun, “Die Ctonophorcn des Golfes von Neapel,” Fauna und Fltnudes 
Gvlfes von Seapcl, 1880. 
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in different planes. The long diameter of the stomach lies in one 
of the two planes mentioned above, while that of the funnel lies 
in the other plane, which is at right angles to the first. These 
two planes are called the atomach-plane^ (Fig. 158, 3f, M.) and 
faimel>plane (r, T,) respectively. 

The stomach-plane divides the body into a right and left half; 
but it is impossible to speak of the two parts of the body marked off 
by the funnel-plane as dorsal and ventral, or as anterior and posterior, 
as is done by some authom, because these two parts are identical and 



Pio. 158.— Diagram of a Cydifpe g€en from the aboral pole (after Chun). M-M stomach 
(Mgittai) plane ; T~T funnel (transverse) plane ; rl to the eight rows of vibratile plates ; 
p polar plates ; to nfi the eight ciliated gixmves ; base of tentacle ; t.st stalk of tentacle ; 

U branch of tentacle ; ach sheath of tentacle ; acKo opening of tentacle-sheath ; c.pr per- 
radial vessel ; c.ir interradial vessel; c,adr adraditl vessel ; sp^ to apfi the sperm producing, 
ot4 to the ova-producing sides of the eight meridional vessels ; t.g tentacle vessel ; 
and «8 the two aboral openings of the gastrovascular system 

not distinguishable from one another by any differential character. 
The tentacles when present are two in number : they arise from the 
sides of the body in the funnel-plane (Fig. 158, 2", T), Further, we 
may speak of two transverse axes — a stomachal axis passing through 
the long diameter of the stomach, and a funnel axis passing through 
the long diameter of the funnel. 

The body (Fig. 157) carries eight meridional rows of vibratile 

* The ^ane of the stomach is sometimes called the sagittal plane, and that of 
the fhnnel the transverse plane. 
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plates — the ribs. These rows begin close to the aboral pole, and 
pass in the meridians of the animal towards the oral pole. Four 
of these rows lie in one half of the body, and four in the other. 
Further it is^to be noted, that of these eight rows we may distinguish 
those which lie on each side of the tentacle (or funnel-plane) — these 
are the sub-tentacular rows^ — and those which lie on each side of 
tlie stomach-plane, which we may call the sub-stomachal f rows 
(Fig. 158). There are therefore four sub-tentacular rows and four 
sul>stomachal rows of meridional plates. 

The central nervous system and sense organ are placed at the aboral 
polo (Fig. 159). It has the form of a flat depression formed of 
ciliated sensory ectoderm, and covered over by a bell-shaped structure 
(tlie Ml) formed of fused cilia (gl). Some of the cilia of the sensory 
area are very long and fused together to form four large triangular 
plates. These are the springs (/). Their tips are attached to, and 
carry a small mass of otoliths {ot\ which is placed over the centre 
of the sensory area. The sensory plate is drawn out in the stomach 
plane into two lobes — t\\Q polar plates (Fig. 168, jp). Beginning at 
the base of each of the four springs, or otolith-bearers, is a ciliated 
groove (pZ), wliich, passing outward through a hole in the bell-like 
cover, divides into two grooves These are continuous with the 

aboral ends of two rows of vibratile plates, and are sometimes called 
nerves because they seem to transmit any movement of the otolith- 
bearer to the row of vibratile plates, and so set the latter in motion. 
The movement of the vibratile plates begins at the aboral pole and 
passes oralwards, each plate successively bending energetically 
towards the aboral pole, and then slowly regaining its original posi- 
tion. The movement of the animal is thus with the oral end 
forwards. 

The vibratile plates have the appearance of consisting of long cilia 
fused together at their bases. They arise from specially long ectoderm 
cells. 

The gastro vascular apparatus (Fig. 158) consists of a central space, 
the funnel, which gives off two vessels — the pem^aclial vessels (epr); 
tliese pass outwards in the funnel-jdane in opposite directions and 
divide dichotomously into the iuterraclial vessels {c.ir)y of which 
there are four. These again divide, and give rise to eight adradial 
vovssels (f’.o/Zr), which enter the meridional vessels. The meridional 
vessels underlie the rows of vibratile plates and end blindly above 

* Sometimes cal1e<i sub- transversal. 

t Sometimes called sub- sagittal and sub-yen tral. 
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Fk; 1 Ml— Sense orgai,s and ii Ijacent organs, I of Cesfns veneris in side view (from the stomach 
plane) xlOO, H of Enrkaris miiHLoniU from above Xl20 (after Chun), a sense oivaii ; 
gl bell ; / the four springs ; to the eight cd ated grooves with their cilia ct, and their 
platc-likfi expansions at tlie base of the sjnings p/and /»; granules; o/otobths; ot* otoliths 
in i>roces8 of formation ; p edge of polar plate ; pf middle i>aTt of j)olar plate (polar lield) ; 
mu (in II) muscular fibres running beneath the ciliated grooves; wi^^circular muscular fibres; 
mu (in I) longitudinal muscles of the fn mi el- vessel s ; v funnel -vessel ; gg branching of a 
funnel-vessel into the ampullae ; ex aboral excretion pore.s. 
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and helow. The pemdial vessels give rise, close to their nvigin, 
to the paraga^tne canals, which run oral wards on each side of the 
stomach (Fig. 157). They cud blindly, and are absent only in one 
genus {Euchlora). The tentacular vessels arc direct continuations 
of the perradial vessels (Fig. 158, hj\ Tlie funnel is continued 
upwards as the funnel-vessel, which divides licncath the sense- 
orgaii into two limbs, eacli of whicli again divides into two ampullae, 
one situated in each quadrant of the iKnly. Two of tliese ampullae 
(and tw(j which lie in diagonally opposite (juadrants) open to the 
exterior by small pores jdaced just outsiilo the sensory plate 
(Fig. 159 I, ex). 

There arc tAVo extensile tentacles (Fig. 157) in the funnel-plane. 
They consist of a stout base contained in a diq^ression of the IxKly- 
wall, Avliich coiistituies the tentacular sheath and into which the 
tentacle can l>c withdrawn. The tentacle vessel is not prolonged 
ahmg the tentacle, but ends in two ampullae at its base. The tentacles 
carry a row of branches which are provided with the peculiar adhesive 
cells (Fig. 161). 

The muscular tissue is feebly develoj^ed. It has the fonn of fibres, 
lying in the jelly and bnxnchcd at Ijoth ends. 

There is a sul^cpitIlelial nervous plexus with scattered g<anglion 
cells. It extends on to the stomach, but no connection has been 
olmervcd Ixjtwcen it and the sense-organ and ciliated grooves and 
ribs. 

The description given abfjve ai>plies to one groiu) of the Ctemithora^ 
tlie CytUpindaey tlie structure of which may bo taken as typical, 
Tlicre are, besides, the Cejs^fidaey the LoJxUaey and the Beroidae. 

The (Jydippidm include, besides the spherical form just described, 
forms in which the xnain axis is elongated (cylindrical PleuT(h 
braehiadae)y and forms in which the IxKly is compressed in the stomach- 
plane, i.e.y the stomach-ax i.s is much reduced {Ewhlcrc^ Callianira). 
In CaUianim (Fig. 165) tliere are two Aving-like processes of the 
alK>i*al end of the body; they lie in the funntd-plane, and the 
meridional vessels are prolonged into them. In fhiehlm*a the sub- 
tentacular ribs are longer than the suli-stomachal. 

Tlic larvae of the Ceaiidae ami Lohatae closely resemble the above 
described typical form (particularly the Mertensid variety of it) und 
acquire the adult condition by a complicated metamorphobis (see 
beloAv). 

The C^iifidae are ribbon-fihaped (Fig. 160), and the body is 
enormously elongated in the stomach-plane and much compressed 
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in the funnel-plane {cf. Fig. 158) ; i.e., tlio stomach-axis of the body 
is very long, and the funiiel-axis very short. Further, the sub- 
tentacular ribs (r^, r®, r®) are very short, and reduced to a few 

plates at the aboral pole, while tlic sub-stomachal ribs (r^, 7 *®, r^) 

extend close together along the whole length of each side of the 
aboral surface of the body. 

The pemdial vessels are absent, as the four interradial vessels 
arise directly from the funnel (in correspondence with the compression 
of the body). The sub-stomachal meridional vessels run horizontally 
beneath the long ribs to the ends of the body, while tlic sub-tentacular 
(^/^ (h f/®) along the middle of each sirle of the body, also 
to the extremity, where they are connected with the sub-stomaclial 
vessels and with the paragastric vessels which are continued 
along the flattoiuid oral surface of the body. In the Cestidae generative 
cells arc only produced in the sub-stomaclial meridional vessels. 

The tentacular apparatus is hidden in a sheath. There is no 
projecting tentacle, but a very large tentacle base which is in 
the sheath. Each tentacle-sheath is continued right and left as 
a furrow, which extends along its own side of tlie oral edge of 
the body to the extremity. The numerous lateral fibres which arise 
from the tentacle base lie in these tentacular furrow.s and hang down 
from them all along like a fringe (Fig. ICO), being held in the 
tentacular furrows by hooks. 

In the Lohatae the body is compressed in tin* same way, but not 
to the same extent as in the Cedidae, i,e. the funnel axis is shortened. 
There are two large buccal lobes, one on each side of the mouth in 
the stomach-plane. The sub-tentacular ribs are shorter than the sub- 
stomachal, and at their oral ends arise the four auricles. The auricles 
are processes of the body, and each carries one row of vibnitile plates. 
The sense-organ lies in a deep pit at the aboral pole, and the ciliated 
furrows (the so-called nerves), which pass from it, extend all along 
the ribs. The interradial vessels arise directly from the funnel, and 
the sub-tentacular vessels anastomose with the paragastric vessels at 
the base of the auricle. From the point of junction there arises a 
vessel which forms a loop in the lobes and anastomoses with its fellow 
of the neighbouring quadrant. Tlie sub-stomachal vessels also form 
looi)s and anastomose in the oml lol)es. 

The Beroidae arc witliout any tentacular appamtus in both larvae 
and adults. The body is com 2 >resscd in the funnel-jdane, and the 
main axis is elongated. The mouth and stomach are enormous, and 
the lower third of the stomach-wall is closely beset with sabre-like 
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hooks for the retention of food. The hepatic bonds ore absent. 
Tiie edges of the polar plates of the sense-oi^n are dendritically 
branched. The iuteii'adial vessels and the 
ampullae spring directly from the funnel. 
The musculature is well developed, and the 
meridional and paragastric vessels give nu- 
merous branches which anastomose. 

Thread-cells are almost universally absent; 
but the ectoderm of the tentacles contains 
peculiar ^'adhesive cells,” the base of which 
is prolonged into a spirally coiled thread 
(Fig. 161), while the convex free end is soft 
and glutinous and becomes readily attached 
to any object which touches it. Thread-cells 
are found in the ectoderm of EueJilora alone, 
Pio. 161 .— Musde-nbreg, »<i- tentacles of which are characterized by 

heflivo cells (A/) and tactile ,, , g. -ii . ^ 

cells (6) from the lateral the abfience of adhesive cells and the presence 

BUnenU of the tenude of amoeboid ectodermal prominences. 

Buploeamu stationU (after ^ 

B. Hertwig). kf' ptoion. The nervous system and sense-organs have 

The Ctenophora are hermaphrodite, and 
sexual reproduction alone is known. The generative cells arise on 
the walls of the meridional vessel, or of diverticula of the same. 
Sometimes they are localized 
(Ceeim); sometimes they arise 
along the whole length of the 
canals, one side being beset by 
egg-follicles, the other by sperm- 
sacs. Ova and spermatozoa 
when ripe pass into the gastro- 
vascular space, and are ejected 
through the apertures of the 
same. 

The early development takes place 
within the egg -membranes. The 
segmentation is complete. A cap of 
small ectoderm cells is soon formed 
(Fig. 163), which grow round the 
larger endoderm cells; but before 
this overgrowth is completed a number of cells aie separated from the lower 
ends of the large endoderm cells, and constrlu^e an embryonic mesoderm (Fig. 
163, Ms) (Metschnikoff). The mesodcnii gives rise to the protoplasmic 



Fio. 102.— Meridional vessel {Gc) of heroe ovnVi 
With ova {Ov) and spermatozoa (<Sp) in tiunr 
walls (after Will). 
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network (wandering cells) of the jelly. The mouth is a new fonnation, and 
the stomodaeum (stomach) arises as an iRvagination of ectoderm at the lower 
pole (Fig. 163, 7, 8, 9). 

The larva when hatched differs more or less from the sexually mature animal 
in the simpler and usually more spherical form of the body, in the small ske of 



Fio. lG3.—Development of Callianira hia^ata (after Hetschnikoff). 1, stage with eight ; f, stage 
with sixteen blastonicres ; S, the eight upper cells of the previous stage have divided into 48 
niicromeres (ectoderm), which form a cap on the 8 macronieres (endoderm) ; 4, side view of an 
older stage ; 5, embryo in the stage of formation and invagination of mesoderm (Mi ) ; 8, more 
advanced stage in sagittal section ; 7, stage with developing stomodaeum ; 8, later stage with 
commencing formation of tentacles ; 9, rii)e embryo; T tentacles ; Ot sense-organ ; 0 mouth; 
Me meso<h‘rm (jelly). 


tlie tentacles and swimming plates, and iu the difference in the relative size of the 
oesopliageal tube^ infundibulum, and vascular canals. The differences, putting 
Ceslus on one side, are most striking in the lobed Ctenophoray the embryos of 
which have a great similarity to the young of Cydij}})e, It is only after a longer 
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period of larval life that the completely mature form is attained by the unequal 
growth of the swimming plates and their canals, the outgrowth of the tentacle- 
like processes, and the formation of two lobe-like projections round the mouth 
from those halves of the body which corre?«pond to the longer rows of swimming 
plates. The Ldbatae present a peculiar phenomenon, which has been called by 
Chun, dissogony. The Cydippe-like larva develops sexual cells on its four sub- 
stomach vessels, and becomes sexually mature during the hot period of the year. 
The eggs are fertilised and develop normally into larvae smaller than those 
produced from adults. After the sexual activity has contimio<l for some days, 
the larva loses its generative organs, undergoes a complicated metamorphosis, and 
develops into the adult, with generative organs in all of its eight meridional 
vessels. The phenomenon of dissogony is therefore characterised by the fact 
that sexual maturity occurs twice in the same individual, and that the two 
sexual i)eriod8 arc separated by a sterile period in which there are no generative 
cells, and in which a complicated metamorphosis occurs. 



Fio. 1S4.— Ber^ owUms, Ot 
sense-organ, at its sides aro 
the small tentacles of tlio 
|)olRr areas ; Tt funnel. 



Flo. 165.~~OaB{an{ra bialata (after Chun) 
0 mouth. 


The Ctenophora live in the wanner seas, and, under favouniblc 
conditions, often appear in gi*eat quantities at the surface. They 
feed on marine animals of various size, which they capture with their 
tentacles. Many, as the Beroidae^ which do not possess tentacles, 
are compensated for this deficiency by the possession of an unusually 
large mouth (Fig. 164), by means of which they are able to receive 
relatively largo bodies, even fishes, into the wide oesophageal tube, 
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and to digest them. Although the average size is small, some of 
them, as Cesttis^ EuchariSy reach the length of a foot. 

Order 1. Tbntaculata. 

Ctemphora with tentacles. 

Section 1. Cydippidae. 

Spherical or cylindrical Ctenophoray with two simple or pinnate tentacles, 
retractile vUo a sheath. The meridicmal and paragastric vessds end blindly. 

Fain. 1. Merteniidae. Body compressed in the stomachal-plane; sub- 
tentacular ribs longer than the sub-stomachal. No wing-like appendages at 
the sensory pole. Euchlora Chun {Haeckelia Car. and Gerst., Ovoenia Koll., 
Mertensia Geg.); Charistephane Chun. 

Fam. 2. Callianiridae. Body compressed in the stomach-plane ; sub- 
tentacular ribs longer than the sub-stomachal. Wing-like appendages at the 
sensory pole. Callianira Peron (Fig. 165). 

Fam. 3. Pleurobrachiadae. Body round in section. Sub-tentacular and 
sub-stomachal ribs equal in length. Uormiphora L. Ag. (Cydippe Geg.); 
Plexirohrachia Fleming ; Lampelia Chun ; Euphkamia Chun. 

Section 2. Lobatac. 

Body laterally compressed; stomach-axis longer than the funnel-axis. With 
two lateral lobes in the oral region^ and four auricles. Lateral tentacles lie in 
a tentacular furrow ; tentaxle-sheath absent. 

The auricles are provided with swimming plates, and are placed at the end 
of the sub- tentacular ribs. The central nervous system is sunk in a pit. The 
stomachal ribs are longer than the sub-tentacular. Mouth-opening wide, and 
extending into a buccal furrow reaching to the base of the lobes. The four 
iiitcrradial vessels arise direct from the funnel. The meridional vessels are con- 
tinued on to the lobes in a sinuous course, and anastomose. The larvae are 
Mertensia-MVo forms which, in Eucharisy become sexually mature, and reproduce 
themselves. 

Fam. 1. Lesueuridae. Lobes and lobe- windings of vessels rudimentary. 
"Auricles long and ribbon-shaped. Lesueuria M.-Edw. 

Fam. 2. Bolinidae. Lobes of medium size. Lobe-windings of vessels simple. 
Adradial vessels pass directly into the aboral ends of the meridional vessels. 
Auricles short. Bolina Mertens ; Bolinopsis L. Ag. ; Hapalia £sch. 

Fam. 3. Beiopeidae. Body strongly compressed. Lobes of medium size. 
Windings of lobe-vessels more complicate than in the Bolinidae. Auricle short 
Ribs consist of few but enormous plates. Sub-tentacular vessels possess short 
aboral blind processes. Delopea Chun. 

Fam. 4. Eurhamphaeiidae* Two aliform processes in the tentacular-plane at 
the aboral pole, on which the sub-tentacular ribs are continued. Emhatnphewa 
Crcgenb. 

Wm. 5. Euoharidae. Lobes of considerable size, with complicated vessel- 
windings. Auricles veimiform. Body beset with papillae. Aboral blind ends 
of sub-tentacular vessels long. A long main tentacular fibre as well as the 
lateral tentacular fibres. Eucharis Esch. 

Fam. 6. KnemUdae. Lobes very large. Origin of auricles and lobes placed 
almost at the same height as the funnel. Auricles long and ribbon -idiaped. 
Mnemia Esch. ; Alcinoe J^ng ; Mnemiopsis L. Ag. 
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Fam. 7. Calymmidaa. Body strongly compressed. The great loltes arise 
almost at the height of the funnel. Riba nearly horizontal. Calymina Esch. 

Fam. 8. Oeyroidae. Lobes enormous, almost independent of the body. 
Ocyroi BAng. 

Section 3. Cestidae. 

JBody much compressed in the funnel-plane ^ i.e,, xcith the broad faces paralUl to 
the stomach-plane. 

The sub-tentaonlar ribs much shorter than the sub-stomachal, which extend 
all along the aboral edges of the body. The interradial vessels arise direct from 
the funneL The sub-tentacular vessels run along the middle of the band to 
unite at the ends of the body with the long sub-stomachal and paragastrio 
vessels. Gonads in the sub-stomachal vessels only. The larvae are Mertensia* 
like forms. 

Fam. Cestidae. CestusLcB. ; Vexillum Fol. 

Order 2. ISTontentaculata. 

Without tentacles. 

)?am. Berdidae. With large mouth and stomach. Body conical or oviform, 
compressed in the funnel-plane. The vessels give off branches which anastomose 
in the jelly, BeroS Browa 

Cteiwptana* Korotneff (Z. /. w, 43, 1886) and Coeloplana Kowalewsky 
{Haehrichten der Liehhaber der Naturtoiss.^ 1882, Russian) should probably be 
included amongst the Ctenophora. 

Pemmaiodiseus Monticelli,t a gastnila-like form living in the jelly 
of RktzostomOf may be mentioned amongst the Coelent('rate3. 

* A. Willey, “On Ctenoplana,” J. M. vol. 39, p. 323. 

t Monticelli, Naples Mitlh.^ 12, 1897. 



CHAPTER V. 


Phylum PLATYHELMINTHES. 

Vermiform^ hilateral, more less elongated^ and usually dorso- 
ventrally flattened animals^ with an anteriorly-placed central nervous 
mass (cerebral gangUon\ and an excretm'y system of ramified canals 
containing flame-cells, Enteron when present aproctous. 

The forms included in this phylum are mostly paiusitic Entozoa^ 
but some live freely in water or on land. Suckers and hooks for 
attachment are often present, especially in the parasitic forms. The 
enteron is absent in one class (Cestoda)^ and when present is without 
an anus. Vascular system and body cavity are not found in the 
group, and the organs are embedded in a plasmatic mass — the 
parenchyma — in which muscular and connective tissue elements are 
differentiated. This is the so-called mesoderm. The excretory 
system is distributed as a system of branching and often anasto- 
mosing canaliculi throughout the parenchyma, and in the absence 
of a vascular system collects the excretory products in all parts of 
the body. Projecting from the walls of the canals at intervals are 
"thick flame-shaped cilia, and sometimes finer cilia. The canaliculi 
are supposed to end blindly in hollow cells of the parenchyma, from 
which cells there often projects into the blind end of the canal a 
flame-shaped cilium. Such terminal cells are called flame-cells. 

In the terms of the cell-theory this system may be described as consisting of 
a number of branched and hollow anastomosing cells, the spaces or vacuoles 
within which form a continuous system opening externally, and constituting the 
cavities of the excretory canaliculi. Such canals are often distinguished as 
intracellular, and contrasted with intercellular canals, in the walls of which cell 
limits can be made out. It is extremely doubtful if this distinction has the 
reality or morphological importance which is often attributed to it. 

The external openings of tlie excretory canals vary much, both in 
number and position. 

The animals are visually hormaplirodite, and the reproductive 
complex. A vilellajium or yolk-glaiul is very generally 
r 
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present, and may be part of the ovary or distinct from it. Such 
glands are to be regarded as parts of the ovary, the cells of which 
are without the capacity of becoming ova, but store up yolk matter 
and are deposited round the ovum in the cocoon or egg-shell, and 
consumed by the embryo during its development. Asexual repro- 
duction is very often found, and may take place at different stages of 
the development. The life history is in such cases very complicated. 
So far as is known parthenogenesis is not met with in the group, 
unless the germ-cells of the sporocysts and rediae of the Trematoda 
be regarded as parthenogenetic ova. 

Glass L TUBBELLABIA.* 

Free-living Platyhehninthes with delicate^ soft^ and often leaf shaped 
bodies^ and with a ciliated ectoderm containing rhabdites and sometimes 
thread-cells^ and with muscular protrusible pharynx. 

The Turbellaria include fresh-water, marine, and terrestrial forms. 
They are distinguished by the possession of a ciliated ectoderm and 
soft delicate tissues. They iisiiohy have an oval, flattened body, and 
they reach only a small size. It is exceptional to find organs for 
adhering, viz., small hooks and suckers. The anterior end of the 
body is especially sensitive, and generally bears eyes and sometimes 
a pair of tentacles, which in a few cases (Eurgleptidae and Pseudo- 
ceridae) contain prolongations of the enteron. In some forms the 
dorsal surface is covered with papillae, and these also sometimes 
contain prolongations of the enteron. A pair of ciliated pits, not 
unlike those of Nemertines, are occasionally present on the froi^ 
of the body, around which there may be present a ciliated marginal 
groove. A sucker is found in some Polyclada on the ventral surface. 

The mouth is on the front, middle, or hinder part of the ventral 
surface. In the American Triclad Phagocata there are eight or nine 
pairs of mouths and pharynges in addition to the main one, and the 
same peculiarity has been observed as an exception in the genera 
Planaria and Polycelis. The generative openings are on the ventral 
surface behind the mouth. 

The skin consists of a single layer of cells, or of a finely granular 

*L. V, Gi’aff, Monographie der Turbellarien, Leipzig, 1882. L. v, Graff, Die 
Organisaiim der Turbellaria Acoela, Leipzig, 1891. F. Hallez, “Catalogue des 
Turbellari6*8 du Nord de la France,” etc., Itevue Biologique du Nord de la France^ 
Ts. ii., iv., and v., 1892, 3. A. I^ng, “Die Polycladen,” Fauna and Flora des 
OiAfts von Neapel^ 1884. F. W. Gamble, “British Marine Turbellaria,” 
Q, J, M. iSf., 34, 1893, p. 433 ; and Article on Turbellaria, in the Cambridge 
Natural History ^ voL 2, 1896. 
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n\icleated material, which bears cilia and rests upon a stratified 
basement membrane (Fig. 166). It is covered externally by a 
homogeneous membrane bearing tactile hairs and comparable to 
a cuticle. Peculiar rod-like structures, called rhabditeSy are found 
in the ectoderm cells and in cells lying deeper in the parenchyma, 
but connected with the ectoderm layer by processes. The ihabdites 
are homogeneous, highly refractile structures of unknown function, 
and can be extruded from the ectoderm. 

Other structures probably of a similar 
character, but differing slightly, are also 
found in the ectoderm — these are the 
pseudorhabdites and sofjittocysts. Ncma- 
tocysts are found in some members of 
the class {Microstoma^ AnonymuSy Stylo- 
choplana). Various pigments are often 
present in the epidermis or in the 
parenchyma; and green vesicles con- 
taining chlorophyll and starch grains 
{Vortex)y or yellow cells {Convoluta)^ 
arc found in the parenchyma in some 
forms (? symbiotic Algae), The dermis, 
or outer layer of the parenchyma, lies 
beneath the basement membrane, and 
contains well-developed muscular layers 
(usually outer circular and inner longi- 
tudinal). 

^ The structure of the parench3rma is 
difficult to make out. In the Acoela 
the whole of the tissues within the 
basement membrane may be described' 
afi consisting of a plasmatic mass con- 
taining nuclei, vacuoles, and fibres, 
both muscular and connective. The 
centre of this mass is of a softer consistency than the outer 
parts, and constitutes the solid digestive endoderm into which 
the food passes to be digested. The outer part of the paren- 
chyma, which is not at all marked off from the central, contains 
dermal muscles externally, networks of connective tissue fibres, and 
muscular fibres running dorso-ventrally through the body. Further, 
the central nervous mass and the nerves and the gonads are all parts 
of this parenchyma, differentiated from it indeed, but not in any 


R 
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Fia. 166 — Portion of a longitudinal 
section or Flanaria polychroat 
showing the ectoderm and outer 
part of the parenchyma. R rhab- 
dites in ectoderm ; ifl nuclei of 
ectoderm ; Bm basement mera- 
brane; Pg pigmented connective 
tissue cell ; nucleus of paren- 
chyma cell ; Rz deep rhabdite- 
fonning cell (after Leuckart and 
Nitsche). 
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sense marked off from it (except in the case of the ripe generative 
cells), and passing perfectly gradually into it. Cell limits, save for 
the ripening generative cells, and possibly here and there a wandering 
cell, are entirely absent from it. It should also be mentioned that 
spaces or vacuoles filled with fluid are present in all parts of the 
parenchyma. The parenchyma of tlie other Turhellaria^ generally 
speaking, resembles that of the Acoela in structure, but differs in 
the fact that the organs — enteron, cerebral ganglion, gonads— are 
more completely delimited from it. 

It cannot be said that there is a perivisceral cavity in the Turbcllaria, 
There are vacuoles in the parenchyma, and these, in some Mabdococliddy are 
so much developed round the enteron as to suggest a body cavity. According 
to V. Graff indeed, there is in such cases a lining of endothelium. 

As to the homologies of the parenchyma tissue, it appears probable, from 
its condition in the Acoela, that it is a part of the endoderm in which the 
enteric cavity is either not developed or has collapsed, or become filled with 
plasmodial extensions of its protoplasmic walls, of a nature similar to the filling 
up of the enteron described by Bourne in a coral polyp {Q, J, M. S., 28, p. 29). 

In the Acoela this absence of enteron extends to the whole of the endoderm. 
The close relation of the parenchyma to the endoderm is not only suggested by 
the condition in the Acoela, in which they arc actually continuous, but is 
indicated by an observation of Lang’s that the endodermal lining of the enteron 
contains extensions of the excretory system. This suggests that possibly the 
continuity between the parenchyma and the endodeirii in the Triclada, at any 
rate, is closer than is supposed. The origin of the generative cells in the 
parenchyma, and their passage through the vacuolated spongy mass to the 
genital opening is exactly what must happen in Bourne’s coral polyp Avitli 
a spongy enteron. At the same time I do not wish to suggest that the paren- 
chyma ever had a continuous digestive space. I would rather suggest that the 
Acoela are connecting forms between large Infusoria and the higher animals, in 
which the endodennal protoplasm, though without a continuous cavity, is 
partly differentiated into a number of important organs. 



The mouth leads into a muscular pharynx, which is conbtiried 
in a sheath, and can usually be protruded like a proboscis (Fig. 167). 
The enteron, into which the pharynx opens, consists only of a simple 
chamber (Fig. 168), or of a central cliamber prolonged branches, 
which may themselves branch and even anastomose. In some cases 


TURBEUiARIA, 


213 


(Ymgixiy Cydoporm) the onteric diverticula open to the exterior. 
The interiuil wall of the eiiterai is some- 


times ciliated. 

Ill the Acoela the pharynx leads into 
the central parenchyma, in the vacuoles 
of which digestion talces place. 

The excretory organs are the draining 
system of the parencliyina. Tliey also 
soniotimes extend into the endodorm, 
wliich is really the central part of the 
paioncliyma. A general accfoiint of what 
is known of these organs has already been 
given. To tliat may now bo added tiiat 
tlicrc is generally a main trunk opening 
externally by one or several openings 
(iMg. 172) on the dorsal, or on the ventral 
surface, or even into the idiarynx-sheatli ; 
tliat tliis main canal gives off secondary 
canals which may branch and even anas- 
tomose ; that the secondary canals receive 
the linost canaliculi, wliich come direct 
from the terminal cells — the flame-cells 
as tlioy are called. Flame-like cilia and 
smaller cilia may project into these canals 
at different jiarts of their course. 



Fio. lGS.-~ Alimentary canal and 
iiorvoiiB system of Memtmmm 


The whole system is said to be intra- (after Graff), othe 

two cerebral ganglia with two 

cellular, and witliout well-marked walls. eye-spots ; the two lateral 


It can only be made out in the living 


nerve -trunks; D alimentary 
canal with mouth and pliaryux. 


Ph Phg 



Fio. 169.— Transverse section of Planaria polyckroa, passing tlirough the pharynx (after 
Leuckart and Nitsche). D intestine ; Ph pharynx ; Phg cavity of pharynx ; Pht sheath of 
pharynx; Ln lateral nerve-trunks with commissures Co connecting them, and lateral 
branches Sn ; T testes ; Od oviduct ; Dst yoik-glands; Dm dorsoventrally running muscular 
fibres ; Qm transverse muscular flbres ; sih mucous glands opening externally at the edge of 
the ventral surface; Td vas deferens. 
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animals. No doubt what we really have to do with here is a con- 
tinuous system of tubular vacuoles in the phisniatic parenchyma — 
similar in nature to the tubes leading from the contractile vacuole 
of an Infusorian. 

The excretory system has not yet been observed in the Acoela, 

The nexTOUS system (Fig. 168) consists of a bilobed ganglion at 
the anterior end of the body. It is embedded in the parenchyma, 
and gives off nerve trunks in all directions ; of these, two especially 
large lateral trunks run backwards, one on either side (Fig. 1G8). 
The latter are sometimes connected at regular intervals by delicate 
transverse cords, and in the Polyclada and Triclada all the peripheral 
nerve-trunks anastomose. In a number of the two last-named groups 
a diverticulum of the enteron runs forward above the transverse 
commissure in a groove between the two cerebral lobes ; and in some 
genera this enteric prolongation is encircled by a nervous commissure. 

Sense-organs. Eye-spots are very generally present. In the lower 
forms {Acoela) they are simply pigment-spots in the ectoderm. As 
a rule, however, they are placed in the parenchyma or in the brain, 
and consist of many retinal rods contained in a pigmented sheath. 
The outer ends of these rods, i.e., the ends turned towards the 
external surface, are continuous with the nerves passing to the brain. 

In the Polyclada the eyes have been observed to increase by 
division, and in the Triclada they have been seen to fuse, so as 
to give rise to more complex eyes. The eyes, which may be present 
in any number, fix)m one to a hundred or more, are placed over the 
brain, or on the tentacles, or on the margin of the body. 

Auditory organs, as otocysts, are sometimes found. In Acoela 
and in some Rhahdocoda {Monotvs\ and more rarely in Polyclada^ 
a single otocyst is found in the neighbourhood of the brain. 

The integument is endowed with a highly developed tactile sense ; 
the large hairs and stiff bristles which project between the cilia have 
probably this function. Lateral ciliated pits, which may also be 
explained as sense-organs, are in rare cases present at the anterior 
end of the body. In the Prohoscidae the anterior end of the body 
is retractile into a sheath, and probably highly sensitive. 

Beproductive organs. With the exception of Microstomum and 
Stefiostoniunij and possibly Plagiostanium dioicum, the Turhellaria are 
hermaphrodite ; but steps between the hermaphrodite and dioecious 
condition are not wanting, for according to Metschnikoff in Oyi*ator 
het*ifixaiiihrodituB (Prosfomum lineare\ the male generative organs are 
sometimes developed, while the female organs remain rudimentary, 



TURBBLIjARIA. 


215 


or vice ve)*sa. This is probably only a case of successive hermaphro- 
ditisni common amongst the Ttirhellaria^ a condition in which the 
male organs attain maturity before the female. 

The generative organs are always complex, and the gonads are 
cither compact, or follicular and scattered. As a type of the first 
condition we may take Mesostomum Ehrenbergii (Fig. 170). Here 
there is a single external opening leading into an atnum genitede^ 
into which opens the vas deferens {Vd) through the penis (P), the 



Fig. 170.— Generative apparatus of Jlfeso- 
stonnim Ehrenbergii {combined from Graff 
and Schneider). S pharynx ; Go sexual 
opening ; Ov ovary ; Ut uterus with winter 
eggs; Do yolk -gland; Dg duct of yolk- 
gland: T testes; Vd vas deferens; P 
penis; Its rcceptaculum seininis. 



Pig. 171, — Generative organs of 
Vortex viridis (aftpr M. Schultze). 
T testes ; Vd vas deferens ; V$ 
vesicula scininalis ; P penis ; Ov 
ovary ; Va vagina ; M uterus ; D 
yolk -gland ; Rs reccptaculum 

8* minis. 


oviduct, the two uteruses {Ut)y the rcceptaculum seminis (P^), and 
the ducts of the yolk-glands {Dg). The testes (T) are paired and 
tubular, their ducts join in the penis, which projects into the atrium. 
The ovary {Ov) is single, and its duct opens directly into the atrium 
genitale. The rcceptaculum seminis stores up the sperm received in 
copulation, and the eggs remain in tlie uterus for a sliorter or longer 
time. As a type of the second condition we may take the fresh-water 
Triclad Plana) ia lactea. Here (Fig. 172) also there is a single external 
opening {Go) leading into an atriuvi genitale^ into which open the 
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vasa dcferentia through the penis, the oviduct {Od)^ the uterus 
(Ut)f and a muscular sac of unknown function {X), There arc 
two ovaries {Ov) placed between the third and fourth pairs of 

intestinal caeca or thereabouts. The two 



oviducts (Od) pass backwards, receiving 
as they go the yolk -glands whicji are 
placed between the caeca of the intes- 
tine ; they join to open by a single tube 
into the genital atrium. The testes are 
numerous vesicles placed irregularly be- 
tween the gut caeca, and communicating 
with a longitudinal tube on each side — 


Fio. 178.— Diagrammatic representa- 
tion of the anatomy of hlanaria 
Inctea (after Leuckartand Nitschf). 
D intestine ; M pharynx ; M open- 
ing of sheath of pharynx ; E exter- 
nal openings of excretory vessels ; 
To tactile organs ; Gl cerebral gan- 
glion ; Ln origin of lateral nerve ; 
Ov ovary: Od oviduct (anterior 
dnd posterior part only shown); 
Ut uterus; X muscular pliifonu 
organ ; Go extenial genital oiieniug ; 
Vd vesiculae seminales opening 
into the base of the penis. The 
yolk-gland and testes are omitted, 
and the vasa deferentia are not 
shown. 



Fio. 173. — Anatomy of Tj€ 2 )topIana paUida (after 
Quatrefages). G cerebral ganglion with the nerves 
given oft' from it : 0 month ; D branches of iiite.s- 
tiiie ; 0<i oviduct ; J” vagina ; IF. Goe female genera- 
tive oiK'iiing ; M. Goe male generative openiiig|: 
T vas deferens ; Ov ova. 
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the vasa dcferentia :♦ these open into glandular sacs — the vesiculae 
somiuales {Vd\ which themselves open into the penis. The penis 
is an eversible organ, which can be protruded through the genital 
pore. 

In the Polyclada the ovaries as well as the testes are follicular 
and scattered, and there arc no yolk-glands. Moreover, the external 
openings are separate, the male being in front of the female. In 
some Rhahdocoela also the generative openings are separate. In the 
Acoela the ovaries are compact, but the testes are follicular, and there 
are no generative ducts, so that the generative cells have to make 
their way through the parenchyma to the external generative 
opening or openings. 

The penis is protrusible and very commonly armed with hooks, 
which are said to assist the animal in retaining hold in copulation, 
and also to serve as weapons of offence. In Prorhynchvs and 
Stylostomum the penis opens into the mouth. 

A curious instance of vegetative repetition is presented by some 
Polyclada^ in which there may be {Anonymvs) several pairs of penes 
and of male openings placed in two rows on the ventral surface. 

In some cases it is said that true copulation takes place ; but in 
many forms (e.^., Polyclada) the sperm masses are deposited on the 
body of another worm, or even in a wound in the body-wall made by 
the impact of the penis. In such cases of sperm injection the 
spermatozoa must make their way to the receptaculum or uterus 
by travelling through the tissues of their host. These creatures 
do not always confine their attentions to individuals of their own 
species, for Lang observed a Pseudoceros crawl over a Thysanozoon 
and make several wounds, in each of which a sperm mass was 
deposited. 

Some Rhabdocoela form two kinds of eggs — summer eggs, which 
have thin shells, and are retained in the uterus till hatching; and 
winter eggs, which have thick brown shells, are laid, and last through 
the winter to be hatched out in the spring. The^eggs are either 
enclosed singly in egg-shells, or several of them are included with 
a number of yolk -cells in one shell or cocoon. The Polyclada 
agglutinate a number of eggs together in an albuminous mass. 

The fresh-water Turhellaria as well as many marine forms undergo 
a simple direct development, and in the young state are often difficult 
to distinguish from Infusoria, Some of the Polyclada undergo a 

* It is possible that there are iio vasa dcferentia, but that the s[)erinatozoa 
make their way through the parenchyma to the vesiculae seminales. 
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metamorphosis, the larvae, known as Muller’s larva, possessing finger- 
shaped ciliated lobes (Fig. 174). 

Asexual reproduction by transvei-se fission takes place in the 
Microstomidae (Fig. 175). The posterior third of the body becomes 
separated from the rest by a septum, and develops its own mouth 
and organs. This process may continue both in the offspring and 

parent before separation 
takes place, so that a com- 
plex chain of individuals 
arises (Fig. 175). 

Planaria cdpina is also | 
known to undergo fission. 1 
The power of regenerating 
lost parts is great. 





Order 1. Acobla.* ifi" liiii'jp f 

S7}iall marine Turhellaina 

loifhotd digestive cavity^ but 

with a spongy digestive parenr 
a«ricuial« (after Hallez). r j 

chyma not differentiated into 
endoderm and 7nesoderm. Definite exa^etory organs 
have not been observed, A single otocyst is always 
present. Mouth venti-dl^ leading into a short pharynx, 

The central nervous system, generative organs, and 
digestive organs, are not sharply separated from' the 
parenchyma, but appear rather to be a part of it. 

Generative ducts are not specially developed, though 

in the male organs there appear to be fairly -well 

specialized tracts along which the sperm passes. The 

genital opening is double or single ; a penis is always, 

and a bursa seminalis sometimes present. There are (after Graff), a 

no yolk-glands, and the excretory system has not been 

made out. There is always a pharynx, which ends open- 

in the central mass. At the front end of the body *”*** 

there is an organ of a glandular or sensory nature, which was 

ffumerly mistaken for the mouth. It is the “frontal organ.” 

The Acoela are marine. Most are carnivorous, but it is said tliat 
.‘^onio species of Convoluta can live like a green plant by mcaii.s of the 
green cells symbiotic algae)^ which live symbiotically in their tissues. 

* Y. Delaj^, “ Ktudea lilsto]ogu|ucs sur les Planaires Bhabdocoeles Acoeles,** 
Jreh, zool, exp, rt gdn, (2) T. iv. 1886. 
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Fam. 1. Proporidae. With one generative opening, without accessory female 
apparatus ; with soft penis. Praportu v. Graff, Propones venenosus 0. Schm., 
Plynioutli ; Moiioporus v. Graff, M» ruhropnn claim 0. Sebm., Plymouth. 
Haplodiscies Weldon. 

Fam. 2. Aphanoitomidae. With two sexual openings, the female being 
anterior to the male. With bursa seminal is and soft penis. Aphanostomum 
Oersted, A, diversicolor Oe , A. elegam Jen., Plymouth ; Noulina Uljanin ; 
Cyriomorpha v. Graff ; Convoluta Oersted, ( 7 . paradoxa Oorst, English coast, 
etc.; Amphichoerus V, Gr.; Polychoerus. 

Order 2. Rhabdocoela. 

With straight^ rod-shaped entef*on, and jn^otimsible pharynx. 

This order includes the smallest forms in the class, but not the 
most simply organised. On the contrary, the structure of the 
parenchyma lends support to the view that they are the most 
highly organi.sed of the class. The enteron is unbranched, and lies 
in a space simulating a body-cavity. The vitellarium is sometimes 
not separated from the ovary. They live on the juices of small 
worms and of the larvae of Entomostraca and InsectUy which they 
envelop with a cutaneous secretion containing rhabdites, and after- 
wards suck. They are mostly fresh-water, but a few of them are 
to be met with in the sea, and some upon land {Prorhynchus sphyro- 
cephalus). Parasitic forms are also known {Orafilla muricicola in 
the kidney of Murex hrandarisy Fecampia erythrocepheUa in gut of 
Carctnus maenasy etc.). 

Fam. 1. Maorostomidae. With two generative openings, the female being in 
front of the male. Without accessory female apparatus ; with simple pharynx. 
Mccynostomum E. v. Ben., marine ; Maerost*fmum E. v. Ben., f.w. and mar., 
Afi hystrix Oe., f.w.; Omaloslomum E. v. Ben., marine. 

Fam. 2. Microstomidae. With sexual and asexual reproduction ; with 
simple ovary, without accessory female apparatus; with simple phaiynx. 
Microstomum O. Schmidt, dioecious, f.w. and mar., M. lineare Oe., f.w.; 
Stenostomum 0. Schm., dioecious, f.w. and mar., S. lemnae Dug., JS, leucops 
O. Schm., f.w.; Alaurina Busch, hermaphrodite with follicular testes, A 
Claparedii v. Graff, coast of Skye. 

Fam. 3. Prorhjnelildae. With separate generative openings, the female 
being vential, the male combined with the mouth. With simple ovary divided 
into germarium and vitellarium ; with variable pharynx. The so-called pro- 
boscis is the copulatory organ. Damp earth or fresh water. Prorliyne/itis 
M. Schultze, P, stagnalis M. Sch. 

Fam. 4. Mescstomidae. With one or two generative openings ; vitellarium 
and germarium cither distinct organs or separate parts of the same organ. 
Usually with accessory female apparatus, and always with compact paired testes. 
With a vent 1 ally -placed rosette 8hai)ed pharynx. F.w. and mar. Otomesostomuw 
v. Graff: Dnges (Fig. 168); PothromesostoinumM, Braun ; Castrada 

0. Schm : pyomesostomum v. Gr., P, mannoraUim Schultze, coasts of Britain : 
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P. ioUa 0. Sch. Plymouth, P. leniiculatum 0. Schm. Isle of ^fan ; Bt/rsojyhh ha 
Jen., P. Oraffi Jen. Plymouth, Millport, P. intermedia v. Or. Isle of Man, Mill- 
port; Proxenctes Jen., P. cochlear v. Gr., Milljwvt. 

Fam. 6. Proboseidae. With a tactile proboscis, one or two generative 
openings, separate gcrmariiim and vitcllarium, bursa scminalis ami coinjiact 
testes. Mouth ventral ; pharynx rosette-shaped. The continuity of the enteron 
is interrupted at the period of sexual maturity. All manne except Gyrator 
Ehbg. Psevdorhynchm v. Gr., Irish Channel; Acrorhynchics v. Gr., Brit, coast; 
Macrorhynchiis v. Gr., Brit, coast; Hyporhynchus v. Gr., Brit, coast; Gyrator 
Ehrb., St. Andrews. 

Fam. 6. Vorticidae. With one generative opening ; gerinarinm and vitcllarium 
combined or separate ; with accessory female apparatus, always simj)le uterus, 
and compact paired testes. Mouth ventral, and usually near the anterior end ; 
pharynx with a single exception cask-shaped. The chitinous penis veiy various, 
SehuUzia v. Gr. ; Provortex v. Gr., Brit, coast; Vortex Elibg. ; jensenia v. Gr. ; 
Opistomum 0. Schm. ; Derostomum Oers.; GraffiXla v. Jhcring, parasitic ; Anoplo- 
dium Schneider ; Ftcampia crythroccphala Giard, in gut of Carcinus maenas. 

Fam. 7. Solenopharyngidae. With one gen. opening, one germarium (ovary), 
paired compact elongated testes. The pharynx elongated, tubular, directed 
backwards. Solenopharynx v. Gr. 

Order 3. Alloiocoela. 

Enteron lohed or an iiregularly widened sac. Testes follicular. 
Paired ovaries and vitellaria^ combined or separate ; vitellaria irregu- 
larly lohed or partially h'anched. 

The parenchyma is less differentiated than in the Rhahdocoela^ and 
more in the condition it lias in the Acoela, The generative openings 
are separate or united, as in the latter group. With few exceptions 
they are marine {Plagiostomum lemaniy Lake of Geneva, Botlirioplana), 

Fam. 1, Plagiostomidae. With one gen. opening, and without accessory fcmalo 
apparatus (except Cylindroslomum) ; with testicular follicles in front of, alongside, 
and behind the brain. Pharynx varying in position and size. Otocyst absent. 
Usually small, cylindncal, or plano-convex forms with naiTOW hind end. 
Aemostomum v. Or.; Plagiostomxim 0. Schm.; Vorticeros 0. Schm.; Enteros- 
iomum Clap.; Allostmnum-P, J. v. Ben.; Cylindrostomum Oers. All recorded 
from Briti.sh coast except Aemostonmm, 

Fam. 2. Monotidae. With two gen. openings, and with bursa scminalis ; 
testicular follicles closely aggiegated between brain and phaiynx. Pharynx 
always elongated with oj»ening directed backwards. With one otocyst. 
Elongated forms with narrow front end and broad hind end, Mcmotxcs 
Dicsing ; Antomolos v. Gr. Both recorded from British coast. 

Fain. 3. Bothrioplanidae.* Intestine with three branches, of which the 
two posterior unite behind the pharynx. With one genital opening. Allied to 
the Triclada. Genital glands with tunica propria. Eothrioplana Braun., fresh 
water. 

• F. Vejdovsky, Z, f, w, Z, 60, 1896, p. 198. 
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Order 4. Triolada. 

Enleron with three branches^ one foncard and two backtoard; 
pharynx cylindrical^ inserted at the junction of the three hranches. 
Genital pate single^ behind the mouth. 

The Triclada comprises marine, fresh-water, and terrestrial forms. 
A description of a typical member of the order has already been 
given. The testes are numerous and 
follicular ; the vitellarium consists of 
scattered follicles, and is only exception- 
ally compact (Otoplana); the ovaries are 
two in number, placed anteriorly. The 
mouth is usually behind the middle of 
the body, and the body is more or less 
flattened. The skin is often provided 
with glands, the secretion of uhich in 
certain land forms (^Bipalvam^ Rhyncho- 
demus) hardens to a fibrous web. The 
Triclada have great power of repairing 
lost parts ; fission occurs in Planaria 
alpina and comuta. 

Marine formi. Enteric branches but little ramified, sometimes simply lobed. 
Mouth placed in the posterior half of the body (except Bdellara). Body flattened. 
Uterus placed behind the genital opening. 

Fain. 1. Otoplanidae. With otocyst and ciliated pits, without eyes. Otoplana 
Du Plessis. 

Fain. 2. Procerodidae. Without otocyst and ciliated pits. Cercyra 0. Schm. ; 
Procerodes Girard (including Gunda, Fovia, Haga) ; Uteriporus Bergendal. 
Gunda and Fovia recorded from Britisli coast. 

Fam, 3. Bdelluridae. Ectoparasitic on Limulus^ provided with a caudal 
apparatus for fixation. Bdellura Leidy. 

Fresh-water forms. Enteric branches much ramified. Mouth placed in the 
posterior half of the body. Body flattened. Uterus placed between the 
pharynx and the penis. 

Fam. 1. Flanaridae. Head without differentiated organ of fixation. 
Planaria 0. F. Mull, (including Dugesia), with two eyes ; P, lactea 0. F. M. ; 
P. punctata Pall. ; P, polychroa Sclim. ; P. torva M. Sch. ; P, alpina Dana are 
British. Phagocata Leidy, with 8 or 9 |>airs of pharynges additional to the main 
one, Pennsylvania ; Anocclis Stinipson, no eyes; Polycelis Hem prick and Ehrenb., 
many marginal eyes ; P. nigra Ehr., P. corniUa are British. 

Fam. 2. Dendrocoelidae, Head with several dinbrentiated organs of fixation. 
Dcndrocoel am Oerst. (inch lUlellocephala and Galeocephala), two eyes ; Oligocelis 
Stimi>son, six eyes ; Procotyla Leidy ; Sorocelis Griibe, and Dkotylus Grube, 
from Lake Baikal. 

Terrestrial forms. Enteric branches generally simply lobed. Position of 



Fio. ne.^Planaria pdycKroa {a% 
P. lugubrii (t), P. torva (c), 
about twice natural size (after 
0. Schmidt). 
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mouth and form of body variable. Uterus slightly developed and behind 
the genital pore. Ventral muscular system much developed. 

Fam. 1 . Leimaoopsidae. Dorsal face very convex ; moutli in the anterior 
part of body. Leimocopsis Diesing, 2 frontal tentacles witli eyes at base, 
tropical America. 

Fam. 2. Oeoplanidae. Body sub-cylindrical ; mouth almost median (except 
Microplana and Doliehoplana), Qcoplwm Stimpson (with Geobia and Coeno- 
plana) S. America, Australia, N. Zealand, etc.; Sphyrocephaltis Kuhl and 
V. Hasselt (with Bipalium)^ Ceylon, India, N. Zealand, etc.; Geodesmus 
Metschnikoff ; JUiynchodeimis Leidy, world -wide, mouth a little behind the 
middle of body. Dolichoplana Moseley, Philippines; MioopUma Vejdovsky. 

Fam. 3. Polycladidae. Body flattened ; mouth in posterior part of body. 
Polycladm Blanchard. 


Order 5. Polyclada. 

Enleron mth many hranclies^ which ramify or anai<tomose. Male 
and female 0 })enings distinct {exceptionally united in Sfylochojdana^ 
Discocelis). Ovaries follicular^ without vitelline glands. 

The Polyclada are marine animals. Both testes and ovaries 
are numerous and follicular. A vitellarium is absent. The female 
genital opening is behind the male. In some forms the young are 
hatched out as larvae, called after their discoverer, Muller’s larvae 
(Fig. 174)._ 

ACOTTLBA. 

Without suckers. Mouth in the nii<ld)c of the body or behind it. Copulating 
api>aratu8 in the posterior half of body. Without tentacles, or with nuchal 
tentacles. 

Ffun. 1. PUnoeeridao. With nuchal tentacles ; mouth about median ; male 
copulating apparatus directed hackw’ards. Planocera dc Blainville ; P, folium 
Gnibe, Berwick Bay. Imoginc Girard; Conoceros Lang; Stylochus Ehrb.; 
Stylochoplana Stiraps., body widened in front, attenuated behind, male and 
female openings united, with two tentacles and eyes at their base ; SL macidata 
Quatr., Brit coast Stimpa. 

Fam. 2. Leptoplanidae. Without tentacles ; mouth about median ; male 
copulating ap|>aratu8 directed backwards. Cnjptocelis Lang, with oval, 
consistent body, mouth median, genital openings separate, eyes small in 
indistinct groups between the brain and front body end, and round the wdmle 
edge of the body ; Discocelis Ehrb., broadly oval, tolerably consistent body, 
mouth median or in front of middle, a single genital opening, eyes in two 
groui)s, one on each side of brain, and on the anterior edge of the borly ; 
Leptoplana Ehrb. (Fig. 173), body elongated, genital opctiings more or less re- 
moved from hind end of body, eyes in two sometimes indistinct tentacular 
groups, and in the brain area, small eyes on the anterior edge of body ; L, ire- 
mcllftris 0. F. M., Brit, coast. Trigmoporus Lang. 

Fam. 3. Cestoplanidae, Without tentacles, lK)dy ribhon-lihe. Mouth not 
fai from liiiul end of body Copulating Jipparatius dir* cted forwards ; eyes 
scattered ovu' the whole head. Ccsiophoui Liiug 
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OOXTLSA. 

With central or sub-central ventral sucker always jdaced bebiiid the openi!i<.r 3 
6f the body. Mouth in middle of body, or in front of it. Copulating apparatus 
(except Anmymus) in the anterior half of the bo«]y. Without tentacles, or with 
marginal tentacles. 

Fani. 1. Anonymidae. Body broad, oval, without tentacles. Is'uinerous 
penes in two lateral rows. Single female opening between mouth and sucker. 
Eyes in brain area and on whole edge of body. Anonyinus Lang. 

Fain. 2. Pseudoceridae. Body oval or elliptical, with fold-like marginal 
tentacles. Mouth in middle of anterior half of body. Eyes on brain areas, and 
on the tentacles. Thysanozoon Griibe, with dorsal villi and double penis; 
Psevdoceros Lang, and Yungia Lang, without villi. In Yungia the gut diverti- 
cula open by numerous pores on the dorsal surface of the body. 

Fam. 3. Euryleptidae. Body oval or elliptical, with or without j)ointed 
frontal tentacles. Mouth near the front end of the body. Pharynx tubular. 
Eyes in the brain area and on the tentacles (or at the two sides of front edge 
of body). Prostheceraeus Schmarda, Brit, coast ; Cycloporus liang, gut branches 
open along the whole of the edge of the body, (7. papillostts Lang, Plymouth, 
Port Erin; Eurylcpta Ehrb. ; Eu, cor,mta 0. F. M,, Brit, coast, Oligodadm 
Lang, Brit, coast ; Sfylostomum Lang, Brit, coast ; Aceros Lang. 

Fam. 4. Prosthiostomidae. Body tiongated, without tentacles. Mouth 
immediately behind brain. Pharynx long and tubular. Prosihiostomum 
Quatrefages. 

Class IL TREMATODA.* 

Parasitic Plat ylidunuthes mtli unsegmentejl^ usually flattened^ 
rarely cylindrical^ bady. They possess a mouth ami veiitrally-idaced 
organ for attach merit. The intestine is forked ami mthout an 
anus. 

The Trematodes, in the main features of their organisation, are 
most nearly relatid to the Turbellaria. They differ from them in 
their parasitic habit, and in the absence in the adult of a ciliated 
ectoderm, though tlic 'Tenmocephalidaey in possessing a partially 
ciliated ectoderm and in other respects, are intermediate between 
the two classes. In connection with their parasitic liabit they 
possess special oigans for adhering, such as suckers and hooks, 
which are stronger and ]>etter developed in those which are external 
parasites than in those whicdi infest the internal organs of animals. 

Tlic mouth is iuvarialdy plucctd at the anterior end of the animal, 
usually in the middle of a small sucker. It usually leads into a 

• M. Braun, “ Trcmalotla’* in Brouii’s Klasaen u. Ordnungctiy Bd. iv., 
1887-93. A. V. N Old man n, Mikrographische Beitrdge z. Kennlniss dec wir- 
hctloscn Tkicre, IVrlin, 18.12. P. J. v. Benctleii and Hesse, M4m, de V Ac/id. 
Roy, Rdgique, 34, 1864, p. 60. P. J. v. Benedeu, Mim, $, Its Vers inleUUaux, 
Paris, 1858-61. v. Tanstow, Compendium der Helminthologie, Hanover, 1878. 
A. P, Tliomiw, “The fiife-Hi.Htoiy of the Liver-Fluke,*’ Q. J, M, S,, 23, 1883, 
1*. 99. U. I..euckiut, “ Die P.nasiteii des Men>>cliin,” Ed. 2, Leipzig, 1879 1894. 
S. Goto, “ l^tox>ar. Tiemat<;d( s of Japan,” •/oiort. Coll, JUci, Imp, Univ. Japan^ 8. 
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muscular pharynx with a more or less elongated oesophagus (Fig. 
177), wliich is prolonged into a forked intestine, ending blindly 
and^often Ijeset with coeca. The organs are embedded in a paren- 
chyma of muscle and connective tissue. 

The excretory apparatus consists of two large lateral trunks, 

and of a network of fine vessels permeating the tissues and ending 

in small ciliated lobules (flame-cells). The two large trunks usually 

open into a common contractile vesicle, which opens to the exterior 

at the hind end 

of the body. 

The nervous 

8 /stem consists of 

a bilobed ganglion 

lying above the 

oesophagus. From 

it there pass out, 

in addition to 

some small luu ves, 

two strong back- 

wardly directed 

ventral nerve- 

trunks. These 

arc connected by 

transverse anasto- 

Fio. 177.— Young Distomum (ifter lu ^vitll eacll 

Valette). Kx trunk of the excretory 

•ysteiii ; A’p excretory pore ; 0 mouth other, aild with 

with sucker; S vcnt™i M.oker; i> two wciiker lateral 
pharynx ; D forked intestiiio. 

longitudinal cord.^’, 
which are themselves connected with two dorsal 178.— Nervous system 

of Distomum iso tomum 

trunks (Fig. 178). Eye -spots with refractive 
bodies are sometimes present on the larvae 
during their migration, and in many of the 
ectoparasitic foms. 

Locomotion is effected by the dermo-muscular system, with the 
co-operation of the organs of adhesion (suckers and liooks) which 
present numerous modifications in number, form, and arrangement. 

The organs of adhesion, in size and development, are related to 
the endoparasitic or ectoparasitic mode of life. In the endo- 
parasitic Trematodes they are less developed, and usually consist 
of the oral sucker and of a second larger sucker on the ventral 
surface, either near the mouth as in IMonnuHj or at the opposite 




(after E. Oaffron). Ms 
oral sucker; Bs ventral 
sucker ; Sn lateral nerve ; 
Rn dorsal nerve ; Bn 
ventral nerve. 
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end of the body {Amphistomurn)* The large sucker may however 
be absent {Monostoinum). The ectoparasitic forms are, on the other 
hand, distinguished by a much more powerful adhesive armature; 
for, besides two small suckers at the sides of the mouth, they possess 
one or more large suckers at the posterior end of the body (Fig. 185), 
which, moreover, may be supported by a chitinous framework. 
There are often in addition chitinous 
hooks, and very frequently two 
larger hooks among the posterior 
suckers in the middle line (Fig. 

185). In the Temnocephalidae the 
anterior suckers are replaced by a 
group of tentacles, and in the Aspi- 
docotylea the adhesive apparatus is 
a kind of large ventral foot bearing 
numerous suckers. 

Reproductiye organa. The 
Trematoda are mostly hermaphro- 
dite.* As a rule, the male generative 
opening and the uterine opening of 
the female are side by side or one 
behind the other, not far from the 
middle line of the ventral surface, 
near the anterior end of the body 
(Fig. 17^), The openings may be 
separate, or they may lead into a 
genital cloaca which opens by the 
single genital pore. The male open- 
ing leads into a sac, the cirrm sae^ 
which encloses the protrusible ter- 
minal part (penis or drrtis) of the 

- . - - Fio. 179. — hepaticum (after 

vas deferens. Ihe vas deferens soon sommer). o mouth ; d caecum of in- 

divides into two, which lead back teatine (hinder part of intestine not 

1.1 1 .^. shown); 5 sucker; r testes; Do yolk- 

to the two large simple or multi- glands; OroTary; OvuUrus. 

lobed — in Distoinum hepaticum 

much branched— testes. Both testes and ovaries are, as a rule, 

placed between the two limbs of the intestine. 

The female oigans consist of a convoluted uterus and of an ovary 
and paired yolk-glands, to which may be added a special shell-gland. 

* Bilharzia^ Disiomum Okenii^ and i>erhaps one or two other Digenea are 
dioecious. 
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The ovary may be rounded (Fig. 185) or branched (Fig. 179); the 
yolk'glands, which secrete vitelline matter, arc much branched 
tubular glands occupying the sides of the body (Fig. 179). The 
oviduct, after receiving the ducts from the yolk-gland, is continued 
as the convoluted, somewhat -dilated, uterus which opens near the 
male opening. The shell-gland is placed round the junction of the 
oviduct and vitelline ducts, or round the first jmrt of the uterus, 
Here the egg is fertilised, and the vitelline particles come inti 
contact with the ova. In the Heterocotylea {Polystomeae) the pail 
of the uterus into Avhich the oviduct opens is dilated and called the 
ootype. Here, or in the beginning of the uterus if there is m 
ootype, each ovum acquires its investment of yolk, and is suiToundi'd 
by a strong shell; it is then ready to be passed out through the 
opening of the uterus. 

In a great many Trematodes, if not in all, there is a special pairec 
or unpaired canal, called the canal of Laurer,* whicli opens externall} 
in the dorsal middle lino {Distomum)^ or laterally through two warts 
on the sides of the body {Polystoinuniy Fig. 185), and internally inte 
the oviduct where it joins the yolk-ducts, or into the yolk-ducts neai 
this point. This canal, certainly in some cases, probably in all, ij 
functionally a vagina, and serves for the entrance of the spermatozoa re 
ceived in copulation, or otherwise, from another individual. In sonu 
genera {Polystomumy Diplozooriy Octohothrium) there is a duct (vitello 
intestinal) connecting the oviduct with the intestine. It appears U 
serve the purpose of carrying the superfluous yolk into the intestine 

The so-called third vas de/creiiSy as a tube connecting the vas deferens with tli 
oviduct, appears not to exist. It is probable that the vitello-intestinal cana 
(and possibly the canal of Laurer) have been mistaken for a tube connecting th 
oviduct with the male-duct in such a way as to permit of self-fertilization. 

The function of Laurer’s canal is in some doubt. It has very generally beei 
interpreted as a vagina, but, excepting in PoUjstomum integerrimumy in whic 
two worms have been detected in reciprocal copulation, with their male generativ 
oj.>ening8 applied to one of its openings in the other worm, the apposition of th 
|>cni.s to it has never been observed. On the other hand, in the Distomic (dig< 
netic) division reciprocal copulation with the j)eni3 of one worm inserted int 
the uterine opening of the other has been observed in some fonns,t and in on 
cusej the penis of one individual was found to be inserted into the adjaceii 
opening of its own uterus. These latter cases point to the view that the utern 
fimctiona M vagina. Then the question arises, what is the function of the cam 
of Laurer ? It has been suggested that its function is to carry off the superfluot 

• J. Fr. Laurer, Disquisitiones maiomicae de Ataphistomo c.micOy 1830, 4®. 

t Holostomuvi serpenSy Mmestomum faluy IHstomuni clavigenirny D. cylir 
dracetim. 

t Dutonxuin cirrigerum 
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yolk. This view is not, however, borne out by an examination of its contents, 
which are often spermatozoa, though sometimes yolk, and even ova. Some 
observers hold that the single canal of the digenetic forms is not homologous 
with the two canals of many monogenetic forms, but with the vitello intestinal 
canal, which is not present in the Digenea, 

On the whole wc incline to the view tliat the canal of Laurer, whether 
double or single, is in all cases homologous, and serves for the entrance of 
spermatozoa to the female ducts, when, as is often the case, the uterus is full 
of ova. It may be that in some cases the j>cnis is used, like that of the 
Tvrbellariay for hypodermic injection of spermatozoa ; but as a general rule the 
thi(;kncss of the cuticle and the isolation of the individuals will prevent this ; 
again, sometimes tlie penis may, more or less accidentally, find its w'ay into the 
opening of its own uterus, or into that of another worm ; but, as a general rule, 
the para.sitcs being not contiguous, and having but little power of locomotion, 
the spermatozoa are discharged into the cavity in which the parasite is lodged. 
The testis being very large, the number of spermatozoa so discharged is probably 
very great, so that they spread over the whole surface of the infected organ, to 
which other parasites of the same species arc affixed. Some of them, therefore, 
are sure to reach the body of other individuals, and to pass, by their own move- 
ments, into the opening of the canal in question. 

That some kind of haphazard impregnation of this kind is the rule in Trematoda 
is rendered almost certain by the relatively enormous size of the testis. On 
this view the penis must be regarded as a vestigial organ, with little or no 
function under the present conditions of life. 

Although the so-called internal or third vas deferens does not exist, self- 
impregnation* seems in some cases to occur. For in some species solitary 
specimens have been found with spejmatozoa in the female passages {e.g,, 
Polystomtivi integerriimirriy Distomum agamon encysted in Oammancs yrnlex). 
This self-fertilization may have been effected by the insertion of the penis into 
the opening of the uterus, but probably it has more often been effected in the 
manner above suggested. 

The egg-shell is usually in two parts, a small piece being 
separated by a suture from a larger, and constituting the oper- 
culum, In the ectoparasitic forms it is often prolonged into a 
filament at one or both poles of the egg, which filament serves for 
the attachment of the egg (Fig. 188). Filaments are only rarely 
found in the endoparasitic forms. 

The eggs of the endoparasitic forms are smaller and more 
numerous than those of the ectoparasitic division. The early 
stages of development are sometimes passed through in the uterus, 
but in some cases the segmentatic ^ does not begin till after ovi- 
position. Most Trematodes lay their eggs, but a few are viviparous 
{Gyroddctylus), 

The just hatched young either possess (in most ectoparasitic forms, 
Heterocotylea) the form and organisation of the parent (Fig. 186), 

* A. Looss, “Beitrage z. Kenntniss der Treniatoden,” Z* /. w, 41, 1885, 
p. 420-427, 
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ill which case tliere is no intermediate liost and no alternation of 
generations: such forms are jnonogenetic, and are mostly ecto- 
parasites; or they have the form of ciliated larvae [Miraddium) 
which pass into an intermediate host, and eventually become 
transformed into the adult without alternation of generations: 
such forms are monogenetic and metastatic, and arc endoparasites ; 
or they undergo a change of host and present the phenomenon of a 
complicated alternation of generations, in which the miracidium larva 
develops into an asexual form which reproduces itself : such forms are 
called digenetic, and are all endoparasites. In tlie monogenetic forms 
the relatively large eggs become, in most cases, attached on the place 



Fio. 180 . —Embryonic development of Distomum tereticolk (after H. Schaninsland). a, egg 
after hardening in picric acid ; Ei ahell ; E ovum ; D yolk-cells, h, the yolk has been largely 
used up by the embryonic cells ; H the first-formed cells of the cellular membrane of the 
shell ; S operculum, c, later stage, the shell membrane H surrounds the embryo, the yolk 
D almost gone, d, later stage showing ectoblast Ec, the internal mass being eiidoblast. 
e, later stage. /, a ripe embryo just before the hatching ; B setigerous plates with their nuclei. 

where the mother lives, and the young are hatched out as non-ciliated 
or partially ciliated forms {Polystomum integenimum has transverse 
rows of cilia at hatching, Fig. 186). In the case of the metastatic 
and digenetic forms the eggs (relatively small in the Digenea) are 
deposited in a damp place, usually in the water. 

In the Digenea* the ovum is placed next the operculum — the 
pole of the egg where the anterior end of the future embryo will 
be formed (Fig. 180, E), It undergoes a total cleavage and gives 
rise to a solid cell-mass, from the surface of which is differentiated 
a cellular membrane (Fig. 180, H)^ which lines the shell and is 

• H. Schauinaland, *‘Beitrag z. k. d. embryonalen Entwicklung der Trema* 
toden,” Jena^ Zeitkhrift^ 16 , 1888 . 
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left behind at hatching. Beneath this there is formed a second 
membrane {Ec\ which gives rise to the ectoderm of the just-hatched 
larva; this is ciliated in some forms {D. hepaticum^ Fig. 182 ), but 
in others it develops a stout cuticular layer (2>. tereticolUy Fig. 
180 , c, Ec), 

The peripheral cells of the contained cell-mass now differentiate 
a third membrane of flattened epithelial cells, while of the remaining 
cells those at the head end give rise to the rudiment of the alimentary 
canal — the others becoming the germ cells of the larva. The embryo 
is now hatched, and becomes a small free larva — the Miracidium, 
This, which may be ciliated (Fig. 182) or non-ciliated, or even pro- 
vided with stiff bristles (D. tereticolle^ D. ovoeaudatum)^ has a 
contractile body and often an x-shaped eye-spot; it is also provided 
with excretory canals in its walls, and in cases in which the structure 
has been fully examined, a sucker with a 
mouth opening, intestine, and a ganglion 
can be made out (Fig. 181). Further, 
between the intestine and the body-wall 
thei*e are some ova-like cells — the germ 
cells. 

This larva leaves the egg and, if ciliated, 
wanders about independently in search of 
a host, through the body-wall of which it 
bores its way ; if non-ciliated it is taken 
up by the new host in its food. 

Sometimes the unhatched egg is swal- 
lowed (Z). lanceolatum) and the larva is 
set free in the alimentary canal. In any case the larva makes 
its way into the tissues of its host, which is a mollusc, usuaUy 
a water-snail, and, casting its cuticularized or ciliated skin, becomes 
a spoTOcyat or a redia.* The sporocyst (Fig. 182, b) is a hollow sac 
with excretory canals in its wall, and containing in its cavity a 
number of germ-cells; a redia (Fig. 182, c) is like a sporocyst except 
that it contains a mouth at one end and an intestine, and two lateral 
processes near its hind end ; it likewise contains a cavity with germ- 
cells. The germ-cells of these organisms develop into more sporocysts 
or rediae, or into Cercariae* The Cercariae are young Trematodes, 
which eventually reach (often only after two migrations, an active 

* The miracidium generally becomes a sporocyst, rarely a redia {MimaUomum 
fiavum and mutabile). The sporocyst may produce other sporocysts {D. eygnoidm), 
or Cercariae direct, but generally gives rise to rediae (/>. he^ieum, JHplcduem 
siibclavatus)^ which produce the Cercariae. 



Fio. 181.-~Anterior pole of an 
egs of the liver-fluke with 
folly developed embryo, in 
optical section. The proboe- 
cia, with month, oeeopbagna, 
and inteeUne, the ganglion 
and eyee are vleible (after 
Leuckart). 
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and a passive one) the final host, where they become sexually mature. 
They are furnished (Fig. 182, d) with an exceedingly motile caudal 
appendage, frequently with a buccal spine, and occasionally with eyes, 
and they present in the rest of their organization great resemblances 
to the adult, excepting that the generative organs are not developed. 
In this form they make their way out of the body of the redia 
or sporocyst, and of their host, and move about in the water, 
partly creeping and partly swimming. Here they cither perish 
or find a new host (snail, worm, insect larva, crustacean, fish, 


c 



Fio. 182.— Stagos in the life-history of Disiomium hepaticum. a, Miracidium (ciliated embryo), 
h, Sporocyst witli rediac li (after Leuckart). c, redia (after Tlioina.s); D gut, C Cercaiia, 
H redia, K genu-cellg. d, Cercaria (after Thomas), 


batrachian), into whicli they penetrate aided by the powerful vibra- 
tions of their tails ; they then lose the tail and encyst. 

The Cercartae thus become distributed amongst a number of hosts, 
and in each case give rise to an encysted form, wliich only difters 
fi’inu the adult in being without generative organs. This young 
rivmatoilo migrates passively with the flesh of its host into the 
stomach of another animal, and tlience, freed from its cyst, into 
the organ (int(\stiiie, liver, etc.) in which it becomes sexually 
mature. 

Tliei ' are lion, a ' lule, three different hosts, in the organs of 
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which the different stages (miracidium, sporocyst, redia, encysted form, 
sexually mature animal) of the digenetic Tremaloda are buried. 

The transitions from one host to another are effected partly by 
independent migration (JSliraeidium^ Cercaria)^ partly by passive 
migration (encysted sexless adult). Modifications of the ordinary 
course of development may, however, take place; these may l)e 
either complications or simplifications. The embryo at hatching 
may contain a single redia (as in Monostomum jlavum and inutabile), 
which it carries about till it enters the first host (Fig. 184, h). In 
some cases the course of development is simplified by the omission 
of the second intermediate host, viz., that which contains the 
encysted immature 

f Trematode (Cejraria * 

macroeerca of Dis- « 
tomum cygnoides ; 
also Leucochloridiumy 
' the sporocyst of Die- d- 
tomum macrostomuTriy ^ 
in the tentacles of 
Succinea amphibia ; 

D, he2)aticumj in 
which the Ccrcaria 
encysts upon a blade 

of grass). In other ^la, 184.~a, Miracidium (ciliated 
cases the sporocysts embryo) of Dipliidiscm (AmphU 


tu;. i 83 .~A sporocyst produce Tcdiae, which 

with contained Corea- , ^ 

riae c, B boring spine producc Ccrcariae or 
of Cercariae. more rediae ( D. he- 


embryo) of Dipltxiiscut (Amphi- 
stomuni) suhclavntu* (after O. 
Wagoner). D intestine; Ex ex- 
cretory vessels. 6, Miracidiun. 
of Momstomiira mtitabile (after 
V. Siebold). p eye-spot; R redia. 


of Cercariae. more rcdiao {D. he- v.Siebold). p eye-spot ; i? redia. 

paticum). 

Further, there are unencysted young Distoma which never be- 
come sexually mature in their host {e.g, in the lens and vitreous 
humour of the vertebrate eye, in the jelly of Coelenterates). On 
the other hand encysted forms are known {Distomum agamos of 
Gammarids) which are sexually ripe and produce eggs within the 
cyst (? self-impregnation). The sporocyst may increase by division 
(e,g, the sporocyst of Cercaria minuta). The tail of the Cercaria 
may become transformed into a sporocyst, and after detachment 
produce a brood. 

Many forms possess great adaptability to changed conditions of 
life, e.g, D. echinatumy which proceeds from Cercaria echinata of 
Paludina vivipara and normally infests the intestine of the Duck 
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and of water birds ; it can, however, attain maturity in the intestine 
of the Dog, Mouse, and Rat. 

If we summarise the development of the endoparasitic Trematodes 
we get the following results : 

(1) Development with a non-ciliated larva, which changes direct 
into the sexual animal. Ko intermediate host, but transference to 
another individual. Aspidogaster and its allies. 

(2) Development with ciliated farva, which enters other animals 
(Molluscs, Hirudinea, Fishes, Amphibians, Mammals), there encysts, and 
takes on a second larval form (metastatic Trematodes). Holostomidae, 

(3) Development with ciliated or non-ciliated larva (Miracidium), 
which passes actively or passively into anotlier animal (Mollusc), 
in which it becomes transformed into an asexual form (sporocyst 
or redia), which produces Cercariae either directly, or after the 
formation by internal budding and rarely by fission of more asexual 
forms. These are the larvae of the adult sexual animal, and they 
usually migrate into another host (Mollusc, or Crustacean, Insect, 
Fish, Amphibian, and even Mammal), where tlicy lose their larval 
organa and encyst. Here they remain until they are passively 
transferred into the alimentary canal of their permanent host 
(almost always a Vertebrate), in which they become sexually mature 
(digenetic Trematodes). Most Malacotylea. 

The life-cycle of the digenetic Trematoda must be looked upon as an alterna- 
tion of generations of the variety called heteroganjy. That is to say, the 
alternation is between a sexual generation (the so-called adult) and one or more 
parthenogenetically producing generations (sporocyst, redia). The Miracidium 
is a larva which, becoming parasitic, loses its gut, nervous system, etc., and 
degenemtes into a sporocyst, or more rarely a redia. Tlic sporocyst or redia 
possesses a kind of diffuse ovary in the germ-cells, which develop either into 
rediae or Cercariae (see above, p. 229). The redia is very similar to the sporocyst, 
but is not so degenerate. The Cercaria is simply the larva of the final stage ; 
it possesses 8|)ecial larval organs, c.g, tail and spine, which however may be 
absent in cases in which they are not required ; e,g, Macroitomuvi^ in which the 
migiation of the Cercaria into its final host is a passive one. 

On this view' tlie germ-cells of the sporocysts and rediae are ova, and from 
what is known of the development (see p. 229), they seem to be set apart at an 
early stage (the end of cleavage). Some observers liold the view that we liave 
to do here with a kind of embryonic fission at a very early stage, the divided off 
cells remaining latent for some time, and only developing later into sporocysts or 
rediae. But whatever view be taken of the reproduction of the sporocysts and 
rediae, there are two facts to be noted with regard to it ; (1) it starts, as does 
sexual reproduction, from a one-cel led stage, and (2) the jdiascs of the develop- 
ment of the so-called gcrm-cells, whether into rediae or Cercariae, seem closely 
to resemble what is known of the development of the feitili.sed ovum into the 
Miracidium. 
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Order 1. Heterocotylba = Monogenea. 



Body variously shaped. Anterior end with or without suckers; 
hind end always with a suctorial organ. The ectodermal epithelium 
is transformed into a cuticular layer except in the TemnocephaUdae 
and in the lateral suckers of the Trislomidae. Eyes are present. 
The openings of the excretory organs are usually paired, dorsal and 
anterior ; rarely single and posterior. Always henuaphrudite ; male 
and female openings separate or united, 
ventral and usually anterior. A paired or 
unpaired vagina is generally present, opening 
ventrally or laterally, or more rarely dorsally. 

Reproduction sexual ; development direct, jf 
without metagenesis or heterogamy. For the 
most part external parasites, on the integu- 
ment, or in the mouth, nasal passages, ^3 

l)ranchial cavity, in some cases in the urinary 
bladder, of Fishes,. Amphibia, Reptiles, and D 
Crustac<*a. d'hey are usually hatched in the 
locality inhabited })y the mother. Some- 
times the development is a metamorphosis, 
and tlio young live in another place. 

The developiDCiit of Poli/stomum integcrriimm, 
parasitic in the Madder of the frog, is the best 
known, OAviiig to tlie researches of E. Zeller* (Fig. 

186). The inod notion of eggs begins in the spring, 
when the frog awakens from its winter sleep and 
pi()(!eeds to pair. It lasts from three to four weeks. 

It is easy then to observe the Folysloma in the 
process of reciprocal copulation. When the eggs 
are being laid, the ]»arasite forces the anterior end ^ 

of the body with the genital oiK;nii.g through the iss.-Polyimum inu- 

mouth of tlic bladder nearly as far as the anus. (ferrimum (artcr B. Zeller). 
The development of the embryo takes ])lace in a mouth ; Go genital open- 

water, and occupies a period of some weeks, so ing ; D intestine ; W lateral 

tliat the young larvae arc not hatched until the taring openings 

tad^wles have acquired internal gills. The larvae *yolk%lan”*du?r^ s 

(Fig. 186 ) arc Gyrodactylns like, and possess four sucker; Ov ovary;/; hooks, 

eyes, a ])harynx and alimentary canal, as well as 

a posterior disc for attachment, which is surrounded by sixteen hooks. They 
|)osses3 five tian.sversc rows of cilia, three are ventral and anterior, two dorsal 
and posterior. There is also a ciliated cell ujmn the anterior extremity. The 
larvae now migrate into the branchial cavity of the tadpole, lose their cilia, 
and arc tmnsformed into young Poly'itmna by the formation of the two median 


/. w. Z., 22 , 1872 . 


234 


PLATTHFTJffNTHnL 


hooks, and of the three pairs of stickers upon the posterior disc. The young 
Polystomum, eight weeks after the migration into the branchial cavity, at the 
time when the latter begins to abort, jiasses throu|g^ the stomach and intestine 
into the bladder, and there only be^mes sexnallj noiaturc after three or more 
years. In some exceptional cases, and always when the larva has passed on to 
the gills of a very young tadpole, it becomes sexually mature in the branchial 

cavi^ of the latter. The forms then 
remain r«y small, are without the 
vaginae and uterus, and die after the 
production of a single egg, without 
ever getting to the bladder. 

Fani, h lemnocephalidae. With 
4 to 12 tentacles at the anterior end, 
and a posterior sucker without hooks 
or nuuginal membrane. The integu- 
ment eonmts of a cuticle, epidermis, 
and basement membrane ; in some 
cases it is, in j)art, ciliated. There 
are rhabdites in the tentacles. Mouth 
snbterminal, a muscular pharynx (ab- 
sent in C'mi 5 ped!cZZa),and an unhranched 
intestine. A pair of contractile ex- 
cretory sacs opening anteriorly and 
dorsally. CJemUl ]wrc single, ventral, 
and posterior ; it leads into an atrium, 
which receives the opening of the nterus and the penia. Eggs with stalk-like 
appendages, by means of which they are somctinies attached. They live as 
external parasites on Crustcieea^ Chelcnia, and MMmsgol of fresh waters, and 
feed on Infusoria, small insect-larvae, Rotifers, and Criastacea. They have been 
found in Australia, New Zealand, Malay Archipehigo, JS. America, India, and 
may be regarded as connecting links between the Tmhellaria and Tremaioda, 
Tent^ufcephala Blanchard ; CraspedeUa Haswel). 

Fam. 2. Tristomatidae. With flattened, discmdsl^ or elongated body ; with 
two lateral anteriorly-placed suckers, and one hugs posterior sucker, often pro- 
vided with radiations and hooks. Parasitic on the skm or the gills of marine 
fishes, or on the bodies of parasitic marine CmstsciaL 

Sub-fun. 1. Triitomidae. With flat bodty, two suckers, and a large 
ventral sucker ; genital opening and opening of vaj^na usually on the left. 
On the skin and gills of marine fishes. Niisaekia y. Baer ; Ejribdella 
Blainv.; PhythneUa v. Ben. and Hesse; Tradkopus Dies.; Placunclla 
V. Ben. and Hesse; TritUmum Cnv.; Jmnikaioaiyle Montic.; Eiicoiyllcthe 
Dies. 

Sab-fuiL 2. Xoneeotylidae. With flat body. Without lateral suckers, 
with small ventral sucker. Genital opening naediiau, vagina paired. On 
•kin, gills, or in cloaca of marine fi^dies. Psemheotyle Ben. and HcsSse ; 
CaUootfyU Dies. ; UanoedLyU Tschbg. 

Sah-funu 8. Bdonellidae. With cylindrical body, with lateral suckers, 
and iMi^aimpk ventral sucker. On {israMticCmct%cea. ?7do7i<!«« Johnst, ; 
BAUtetla T. Ben. end Hene ; PUrmuOa Ben. s«d Hussc. 

Fam. 8. PolTstaaratidae. With a more wlrndKlittctlyniarkcd-off adhesive 



Fmi. 186.— a, egg with embryo of Poiy44mum 
integerrimum ; h, larva of same. Dk oper- 
oolam (after Zeller). 
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organ at the hind end, beatisg suckers and hooks; usually with two oral suckers. 
On the gills of fishes, in Ampliibia and Reptiles on the skin, nasal passages, or 
bladder. 

Sub-fani. 1. OotaesCjUdae# With two oral suckers and genital hooks ; 
adhesive organ w ith 4, usually 8 small suckers. On the gills of marine and 
f.w. fish. Octohothrmm Leuck.; PleuroeotyU Gerv. and Ben.; Diplozoon 
V. Nordm. (Fig. 187). The animal is double, two individuals being fused 
to fonn an x-shaped double animal, the posterior ends of which are provided 



Fio. 187.— Young Diplozoon Cifter ZeUei). a, two young Diporpae beginning to attach them- 
selves together ; after conii»lete attschment. 0 month ; U posterior suckers ; Z dorsal 
papilla ; G ventral sucker. 


with two large suckers divided into four pits. In the young state they 
live solitarily as Diporpa; they then possess a ventral sucker and a dorsal 
papilla (Fig. 187, a). The Diporpa is without generative organs ; these arc 
not formed until aftor it has fused with another Diporpa to form the 
X* shaped Diplozoon (Fig, 187, h). The production of ova is confined to 
a definite period of the year, 
usually the spring. The eggs 
are laid singly after the forma- 
tion of the threadi hj which 
they arc attached, and two 
weeks later the embryo (Fig,. 

188), which only diflers from 
Diporpa in the possession of 
two eye -spots and a ciliated 
apparatus upon the aides and 
on the posterior extremity of 
the body, is hatched. When 
an opportunity of fixing itself 
on the gills of a fresh-water 
fish occurs, the young animal 
loses its cilia and becomes a Diporpa^ which possesses the characteristic 
apparatus for attachment, and sucks the branchial blood. The junc- 
tion of two Diporpae can now take place; this is not effected as was 
formerly believed, by the fusion of the hvo ventral suckers, but in such 
a manner that the ventral sucker of each animal affixes itself to the dorsal 
papilla of the other, and fnses with it (Fig. 187, h). In this fusion the 
vas deferens, of the one animal is directly connected with the opening of 
the vagina of the other. D, paradoxum v. Nord., on the gills of many 
fresh-water fish. Antftocolyle Ben. and Hesse; VaHisia Peinigia-Parona; 



Fio. 188.— Egg (o) and larva (fc) of Diplozoon 
(after Zeller). 
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PhyllocotyU Ben. and Hesse ; HexaeUyU Blainr. ; PlalyeUyU Ben. and 
Hesse ; PUetanocotyU Dies. 

Sub-fani. 2. PolTitomidae. Without oral suckers and larger genital 
hooks. Adhesive disc usually with 6 suckers, and with hooks. On 
the gills of m. fishes, on the skin, gills, or in the bladder of Amphibia or 
Reptiles. Polyitomum (Fig. 185) Zeder ; OnchocotyU Dies. ; Erpocotyle 
Ben. and Hesse ; IHplchothrium Leuck,; Sphyranura R. Wright 

Sub-fam. 3. Mieroeotylidae. With two oral suckers, and with genital 
hooks. Adhesive disc with numerous suckers. On gills of ro. fishes. 
Microcotyle Ben. and Hesse ; Oastrocotyle Ben. and Hesse ; Axhie Abildgaard ; 
Pmtdaxine Par. and Per. 

Sub-fam. 4! Gjrodaetylldae. Usually without oral suckers. Anterior 
end with 2 or 4 cephalic lappets, or with sucker-like membrane ; excretory 
organs opening at the hind end ; adhesive disc usually ^h small radially 
arranged hooks, and 2 or 4 larger central hooks, without suckers. Repro- 
duction by eggs which are either laid, or develop within the mother into 
a young form which may itself produce a second generation while still in 
the parent, y. Siebold believed that he had observed a young animal 
developing from a germ-cell of Gyrodaclyltis, and that this became pregnant 
during its development. He regarded the Oyrodactyhis as an asexual form 
since he failed to find organs for the production of sperm. G. Wagenor, 
however, showed that the reproduction is sexual, and conceived the idea 
that the germs from which the second and third generations are formed are 
derived from the remains of the fertilized ovum, from which the first 
generation is formed. Metschnikoff too is of the opinion that the individuals 
of the first and second generations are formed at the same time from a 
common mass of similar embryonic cells. On gills or integument of fishes. 
Cakeostoma Ben. and Hesse ; Oyrodactylm v. Nordm., 0. elegans v. Nordra., 
from the gills of Cyprinoids and f. w. fishes ; Dactyl ogyrus Dies. ; Teircconchut 
Dies. ; Amphibdella Ohatin ; DipUctanum Dies. 

Order 2. Aspidckjotylba. 

Body vory variously shaped. Adhesive apparatus ventral, large, 
round, oval, or elongated, more or less distinctly marked off from the 
body, and possessing numerous suckers arranged in one or sevei-al 
rows, without armature. Mouth terminal or sub-terminal without 
oral sucker; oesophagus short, wirti a more or less developed pharynx; 
intestine saccular. Genital pore median, ventral, anterior to adhesive 
organ; penis sheath opens into widened end of uterus, which is 
much coiled; usually one testis; Laurer’s canal absent; yolk-gland 
paired. Eggs without filaments. Excretory organs oi>en posteriorly 
by one, somewhat dorsally placed, pore. Development direct with 
simple metamorphosis. A ciliated covering is not developed during 
the embryonic development. Parasuic in the alimentary canal 
and gall bladder in Clielonia and fishes, and in different organs 
in Molluscs. 
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Fam. Aipidobothridae. With the character of the order. A$pidogastcr 
V. Baer ; A, conchicola v. Baer, from the pericardial cavity of Anodonia AhS Unio, 
PlcUyaspis Mont.; Cotylogaater Moutic ; Macraspis Olss. 

Order 3. Malacotylba = Dioenba. 

Body variously shaped. Being internal parasites the adhesive 
apparatus is, as a rule, feebly develoi^ed, consisting of two suckers, 
one — the oral sucker — at the anterior end, and the other (less 
frequently present) on the ventral surface, or at the hind end. An 
armature of chitinous hooks is never present on the iK)sterior sucker, 
and only exceptionally on the anterior sucker. Additional adhesive 
organs are occasionally present {Holostomatidae^ Amphistomatidae). 
Mouth terminal or sub-terminal, exceptionally on the middle of the 
ventral surface {Gasterostomum)^ almost always surrounded by a 
sucker; eyes exceptionally present. Excretory organs open posteriorly 
l)y a terminal or dorsal pore. Hermaphrodite, except Dilharzia and 
possibly one or two other forms.* Genital organs open close to one 
another, or into an atrium. Genital pores usually on the ventral 
surface anteriorly;, rarely placed posteriorly, or laterally, or at the 
front end. One. ovary and usually two testes; yolk-gland paired, 
rarely unpaired.* . Laurcr’s canal usually present. Eggs usually 
without filatnents, with operculum. Life-history with alternation 
of generatidns (digenetic, except Holostomidae) and more than one 
host. The sexual form is parasitic in the alimentary canal, and its 
appendages, of Vertebrates t ; the asexual generations in Mollusca, 
and the encapsuled larva in Invertebrata and lower Vertebrata. 
Insectivorous birds arc particularly infested by them. It may be 
of interest to gourmets to know that the trail of a woodcock 
largely consists of distomic Trematodes. 

Fam., 1. Holostomatidae (Ketaitatiea). With two suckers, and a peculiar 
adhesive apparahis heliiiid the ventral sucker on the anterior region of the body. 
Body divided into an anterior flattened and a posterior cylindrical region (Fig. 
189). Cicnital organs in the posterior region, and genital oi)cning at the hind 
end. In the alimentary canal of birds, reptiles, and mainnials, rarely in am- 
phibia and Ashes. The eggs are large and not very numerous, and hatch out 

• Dimorphic forms are found in certain s|)ecies of MonosUnnum and Diatomum 
in connection with the division of labour of the sexual functions ; one individual 
develops only male organs, and the other only female, the former producing 
spermatozoa, and the latter ova. The vestige of the fnnctionless generative 
gUnd undergoes in these cases a more or less complete degeneration. Such forms 
are morphological ly hermaphrodite, but practically of sei»arate sexes. 

t There are a lew exceptions to this rule, c.^., Diatomum Eehiuri in the 
nephridia of Echinrus pallasii, and D, rhizophyaae in the gastrovascular 
apparatus of the siphonophore Ilhizophyaa ccnii/era. 
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as ciliated larvae (of the miracidium tyjHs), which probably make their way into 
an intermediate host (fish, amphibian, mollusc, mammal), in which they develop 
into a larva known as TetracotyU (usually with four suckers). The Tetraeoiyle 
probably becomes directly transformed into the adult when the intermediate host 
is eaten by the permanent host. This kind of development, in which there is 

a change of host but no alternation of genera- 



tions, is called metastatic. Diplostomtm 
Brds. ; Polycolyle Will, and Schm. ; Hemi- 
stomum Brds. (Fig. 189); Holostomum 
Nitzsch. 

Fam. 2. Amphistomatidae. Digenetio 
forms with two suckers ; the posterior (ven- 
tral) sucker is terminal, and on it or just in 
front of it there are sometimes numerous 
papillae or pits for attachment Genital 
oi>eniiig median, ventral, in anterior third of 
body. Eggs with operculum, without fila- 
ment. In alimentary canal of Vertebra ta. 
Amphisiomum Kud.; Diplodimis Dies.; Qas^ 
trodisem Cobb.; HonicUegasUr Poir.; Gaslro- 
thylax Poir. ; Aspidocotyle Dies. 

Fam. 8. Bistomatidae. Digenetic forms 
with two suckers ; the posterior sucker is on 
ventral surface. Genital oi)ening median, in 
anterior third of body, anterior to ventral 
sucker, rarely behind the latter or lateral. 
Eggs usually with operculum, without fila- 
ment. Lanrer’s canal usually present. In 
alimentary canal and its appendages of Verte- 
brates. Disiomum Retz., D, hcpaiicmi L. 
liver-fluke (Fig. 179) ; with conical anterior 
end and numerous spine-like prominences on 
the surface of the broad, leaf-shaped body, 
which is about 83 mm. long. In the bilc- 


Fio. 189. — Hemi<fomuia clathraium ducts of sheep and of other domestic animals, 


Dies., from the gut of Lutra hra- causing sheep-rot. It is occasionally found 
ventx^ view (from Broun, bores its way into the portal 

K.a. ovary; Vt. ntem.. the open- 

ing of the uterus is rather indis- The embiyo is hatched after tlie egg has been 

tliictly rendered, just below the some time in water as a ciliated larva (Fig. 

lower Ut ; S testis ; V.s, vesicula ^ 32 )^ an x-shaped eye-spot ; this passes 

, TwtairtCiZpp.wto., water-snail Zimnoea trwuMula, and 

the ventral sucker la just In front there casts its ciliated skin and emerges 
of this ; Seh shell-glands. as a sporocyaL The sporocyst produces 

rediae, which produce more rediae or Cer- 
eariaa. The Cercariae, which are provided with long tails, leave the host, 
swim about for a short time in water, and then encyst uix>n foreign objects, 
4.y.i blades of grass. In this condition they are eaten by the sheep. 
D. craaium Busk, perhaps identical with D, rathouisi Poir. (Fig. 190) in the 
intestiiie of Chinese. D. laneeolatum Mehlis, body lancet-shap^, 8-9 mm. long, 
lives in same place as D. Jupaticum; the miracidium is pear-shaped, ciliated on 
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anterior iialf of iKxly only, and bears a styliform spine on the projecting apex. 
D. conjundum Cobb., lance t-sliuiied, 12 miii. long, in the liver of dog, rarely on 
man, East Indies. D. spathulaixm 11. Leiick. 

=2). vinense Cobb., in liver of man and cat in 
Japan and China; D. fnibrunmle Bblz, in the 
lungs of man in Japan and China. D. ophtlmU 
viobium Dies., a doubtful specie.s, 4 specimens 
only found, in the lens-capsule of a nine-months 
child. D. heterophyes in the intestine of man in 
Egypt. D. microstovium Rud. (Fig. 191), in 
the intestine of insectivorous birds, with genital ^ 

I)ore at hind end. The eggs are consumed by 

the snail, Succinea amphibia^ in the gut of which 

the miracidium is set free; this makes its way 

through the gut -wall into the tissues, and 

becomes a branched sporocyst, known as Zeti- \wyiy^ 

cochloridium paradoxuyn. Some of the bmnches 

extend into the tentacles, to which they give a 

peculiar appearance by their colouring of green F,a m.^Distmnm ratkoM 
and white bands and red tip. A bird, attracted Poir., after Leuckart. 

by this, pecks off the tentacle, and so swallows 

a branch of the 8|X)rocyst, in which have been formed tailless Ccrcariae. The 
latter are thus transferred to the intestine of the final host. The remarkable 
feature about this life-history is that the Ccrearia is never free, and is without a 


Fio. 190.— Disfomim ratkoM 
Poir., after Leuckart. 



Fio. 191 Life-history of Dxstomum macrostomum^ after Heckert. a Sveeinea ampkihin eootafn- 
ing a ripe sporocyst of a Leucochlondium in its right tentacle UticocMoridium paradmum 
isohted. c, Cer^ria (tailless) ready for transference In a double inetiibrane. (f, sexual 
Distonnm matn'osfomum ; I) yolk-glaods ; T testis ; Ov ovary ; LK canal of Lanrer. The open- 
ings of the vas deferens and uterus are at the hind end. 
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taih Bhopalophorus Dies.; Koellikeria Cobb., dioecious, living in pairs con- 
tained in cysts in the mucous membrane of the mouth and branchial cavity 
of fishes ; the one individual is cylindrical and narrow, and produces sperma- 
tozoa ; the other is swollen in the middle and posterior region of the body, 
and is filled with eggs. The dissimilar condition of the two individuals is 
probably due to the fact that copulation only loads to the fertilization of one 
of them, which alone is able to perform the female sexual functions. K. filicolle 
Rud. (Z). Okenii Roll.) in Brama Jtaji, Bilharzia* ** Cobb. (Fig. 192), dioecious ; 
body elongated, nematodc-like ; the female is slender and cylindrical ; the male 
has powerful suckers and the margins of its body are bent round so as to form a 
groove— the eanalis ffynaeeophorus — for the reception of the female ; they live in 
pairs in the blood-vessels of mammals. B. kaematobia Cobb., portal veins and 
veins of bladder of man in most parts of Africa. The 
embryos, which are ciliated, escape by the urethra. 
By the deposition of masses of eggs in the vessels of 
the mucous membrane of the ureter, bladder, and 
great intestine, inflammation is set up which may 
cause haematuria and stone. B, crassa Sons., in Bos 
taurus domesticus ; B. rnagna Cobb., in Cercopithecus 
fuliginosui. 

Fain. 4. Oasterostomatidae. With the anterior 
sucker only ; mouth on the ventral surface, not in 
the sucker ; eggs with operculum, without filament. 
Genital opening terminal, at hind end. The Cercaria 
is known as Bucephalus y and has a bifid tail. In 
alimentary canal of fishes. Gasterostomum v. Sieb. 

Fam. 5. Bidymosoonidae. With the anterior sucker 
only ; mouth in the sucker ; gut present or absent. 
Hermaphrodite, but live in pairs in cysts. Eggs with 
operculum without filament. Genital pore in front of 
the oral sucker, terminal. On the integument, or in 
the mouth and branchial cavity of marine fishes. 
Didymozoon Tschbg. ; Nematohothrium v. Ben. 

Fam. 6. Monostomatidae. With only one anterior 
sucker. Mouth in the sucker. Genital pore usually 
in front, median, ventral. Eggs often with two fila- 
ments. Laurer’s canal usually absent. In alimentary 
canal of most vertebrate classes. Monostomum Zed.; M, lenlis v. Nord., the 
young form vrithout generative organs is found in the lens of the human eye ; 
if. UparHium Wedl., living in pairs enclosed in a common cyst, the one 
individual surrounded by the posterior lobe of the other, branchiae of Tunny- 
fish ; Noiocatyle Dies.; Oginogaster Jaegerskibld ; OpUthotrema Leuck. 



Fio. \92.-^ljilharzla ftoma- 
tdbia. Hale and female, 
the latter being in the 
canalit gynaecopkonu of 
the former. S sucker. 


THB BICTBMIBAS AITB OBTHOHSCTIBAX.t 

The systematic position of these forms is obscure : it will, however, be con- 
venient to place them provisionally near the Tremaioda. They all consist of an 

* 0. Fritsch, “Zur Anat. d. Bilharzia haematobia Cobb.,” Arch, /. Mie. 
AfuU., 31, 1888. 

t 0. O. Whitman, “A contribution to the embryology, life-history, and 
claarification of the Dicyemids,” Naples Mittheilungeny Bd. 4. 1882. Julin 0., 

** Contribution h I’histoire des Mesozoaires,” A7xh, de Biologic ^ 1^. 3, 1882. 



DICYEBIIDAE— ORTHONECTIDAB. 


241 


outer layer of ciliated cells surromiding an inner mnss, w^ich in the Dicyemidae 
consists of a i)rotoi)lasniic mass with many nuclei, and in tlie Grtho^iccUdae 
(single genus Jthopalura) of a mass of cells compacted together. None of them 
have a digestive cavity. The Dkycmidae are parasitic in the kidneys of 
Cephalopoda^ the Orlhoncctidae in the gut of Tiirbcllarians, in the body*wall 
and tissue-spaces of Nemertincs, and in the body cavity and brood pouches of 
Ophiurids. 


O 


b 


Flu 103.— Rfcoprtbira CiardiU a, nmlo; b, cylindrical Fio. 194.— /Heytmoprtt 

fciiiaie of the same (after R. v. Beueden). maci'octpkiUui (after 

V. Beneden). 

In the Dicyemutae egg-like germs arc found in the central plasmic mass which 
give rise to embryos ; no .spermatozoa have been found (Fig. 194). In Ortho- 
ncclUlae both sjK'rniatozoa ami ova are found in the central mass, and in ditferent 
individuals. No light is thrown ujjon their aflinities by their development. 
The Ort honed idae possess a layer of fibres, presumably mu.scular, between the 
outer cells and the inner ma.ss. The males arc smaller than the female.s 
(Fig. 193); and there are two kinds of females — the cylindrical forms 
(Fig. 193, 6) and the flattened forms. The history of these forms is obscure. 
Both forms produce eggs, and are snpi>o.«!od to leave the host to wander into a 
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new host, where the cylindrical female ends her existence in tlie act of exi»elliii^( 
her eggs, while the flat female breaks up into a number of sacs, each enclosing a 
number of ova. The eggs of the cylindrical female arc probably fertilised, while 



those of the flattened form are 8up[)oscd to 
develop parthcnogenetically. 

The Diqfeviidac have two kinds of embryos 
(hence the name of the group) — the infusoria 
form (Fig. 196) and the vermifortn (Fig. 195) 
—which arise from the egg-like germs in the 
central pla.smic mass. They arise in indi- 
viduals of slightly diflerent form — the indi- 
viduals producing vermifonn embryo are 
called nematogena and are longer and thinner 
than those producing infusoriform embryos, 
'which arc called rhomhogens. The rhom- 
bogens, however, after producing a certain 
number of infusoriform embryos Ixjcome 
nematogens and produce vermiform embryos. 

The vennifonn embryo changes directly into 
the }>arent form. The infusoriform embryo 
is very different from the parent, and its fate 
is unknown. Very ix)ssibly it has the power 
of making its way out of its host, and so 
distributing the 8]K*cie8 No males or sperma- 
tozoa have been observed in the Dicyemidae^ 
and it has been suggested that the infusori- 
form embryos are immature males, or that 
they contain the male elements. Whitman 
indeed states that he has found them in a 


Fio. 195.— stages in the develop- 
ment of Uie vermiform embryos of 
JDicyema; A f of Dicyemenneo dedoiies 
(after Whitman) ; B-D, of Diqfema 
iypus (after S. van Beneden). Ax 
axial cell ; K nucleus of the axial 
cell ; X;; germ cells (from Korschclt 
and Holder). 


modified form within nematogenic adults. 
The origin of the egg-like germs within the 
central plasmic mass has lx‘en described as 
a case of endogenous cell -formation ; t.e. a 
nucleus gathers round itself a cei taiii amount 
of protoplasm, which becomes delimited, to 



Fio. 196.— Inihsoriform embryos and their development. wt-JD, of IHcytmu typus; X-O, of 
Diejfimeifa Wagnurii (after van Beneden from Balfour), A-C, developing embryos ; X), embryo 
ftom the ventral side, X from the right side, X from tin* front ; 0 side \if*w of the urii 
teolated. gr granular bodies in the urn ; I bed of urn ; v floor of the urn ; / refractive bodies. 
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an extent and in a manner which has not been ascertained, from the’ surrounding 
plasma. 

By some naturalists the Dicyemuiae and the Orthonectidae have been regarded 
as survivals of a most primitive Metazoan grouj) — of a group possibly inter- 
mediate between the Protozoa and the Metazoa, and they have been grouped 
togctlier as Mesozoa. There does not, however, appear to us to be any sufficient 
reason for this view, especially when we remember their parasitic habit. We 
are inclined to regard them as allied to the Trematoda, to the miracidium larva 
of which they do present some considerable resemblance. 

Trichoplaz, which may be mentioned here, has been found in salt-water 
aquaria (F. E. Schulze, ZooL Anzeiger 6). It is a small, flattened organism 
(1-3 mm. in diameter), and consists of a sponge- work of protoplasm, with 
nuclei at the nodes, and continuous with processes of the surface epithelial cells. 
The latter arc ciliated on the lower surface of the animal. Nothing is known of 
the reproduction. 

Salinella is another form which may be mentioned here (Frenzel, Arch. / 
Naturg,, 58, 1891). It has only been found in aquaria. 


Order 3. Cbstoda.* 

Elomjated and mncally mjmentefl Platyhehnintkes tvithout mouth 
or alunnntary canaly with organs for attachment ad the anterior 
extremity. 

The tape-worms (Fig. 196), which may easily be recognised by 
their baud-shapctl, usually segmented bodies, are parasitic in the 
alimentary canal of Vertebrata, and were fonnerly taken for single 
animals. Steenstrup was the first to introduce a different view, 
according to which the tape-worm is a colonial animal (Strohila\ 
a chain of single animals, each segment or proglottis being an 
individual. There are, however, Cestoda, like CaryophyUaeus (Fig. 
212), which are destitute both of external segmentation and of 

* Besides tlie older works and iMipers of Pallas, Zeder, Bremser, Rudolph!, 
Diesing, and others, com|^re van Bcncden, “Les vers cestoides ou acotyles,” 
Brussels, 3850.- KUchenmeister, Ueber Cestoden im Allgemeinen und die de$ 
Mcnschcn insbcsondcrcy Dresden, 1853. V. Siebold, Ueber die Band- wvdBlasen- 
wurnury Leipzig, 1854. G. Wagener, “Die Eutwickelung, der Cestoden,** Nov, 
Act. Ijcojh-Car.y tom. 24, Supin., 1854. G. Wagener, Beilrag zur Entwicke- 
lungsges^ichte der EingeiveidewUrmery Haarlem, 1857. R. Leuckart, iJie 
BlasenbandwUrmer nnd ihre Entwickeliing, Giessen, 1856. R. Leuckart, The 
Parasites of Man^ vol. 1, 1886, London. F. Sommer and L. Landois, “Uel)er 
den Ban der geschlechtsreifen Glieder von Bothriocephalus latus,** Zeitschr. 
/. wiss. Zool.y 1872. F. Sommer, “ Ueber den Bau und die Entwickeluugs- 
gcschichte der Geschlechtsorgane von Taenia mediocanellata und Taenia solium,** 
Ibid.y tom. 24, 1874. M. Braun, Ziir Eniwick. gesch, des breilen BandtoUrtnes 
{Bothriocephalus Icitus)^ Wttrzburg, 1883. H. Shauinslaud, “Die embrvonalen 
Eniwick. d. Bothriocephalen,’* Zeitschr.^ 19, 1885. L. Niemiec, “Ueb. d. 
Nervensystem d. Cestoden,'* Arb. a, d. Zool. Inst. fVieti.y 7, 1887. Fr. Zschokke, 
La Structtire anat. et hist, des Cestoides, Geneva, 1 888. B. Grass! u. G. Rovelli, 
“ Enibryol. Forsch. an Cestoden,*’ Cenlralbl. f. Bakteriol , 6, 1889. M. Braun, 
“ Vermes '* in Bronu’s Thierreich, 4, 1895. 0. v. Linstow, CofnpencUum dsr 
ffelviinthologie, Hannover, 1878 ; and Nachtrag to the sai^je, 1889. 
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segmontation of the generative organs ; while in other coses the 
segments of the hotly are clearly dilfercntiated, and each is provided 
with a set of generative orgjuis, but they do not attain individual 
indei>endence (Ligula). The in'ogloitvles^ however, usually become 
separated off, and after their sejKiration from tlie body of the 
tape-worm continue to live for some time independently, and in 
some cases even increase considerably in size, if they remain within 
the intestine of their host {EcheneihotliriuWy CalliohothriuWy etc.). 
The proglottis after separation may remain for a certain time in 
the intestine, but eventually makes its way either passively in the 
faeces (e.g, T. solium), or actively by its own movement (T. saginafa) 
to the exterior per anum. Here it retains its vital i>owcr for a 
short time, and crawling away from the faeces ascends the stalks 
of plants. It soon dies, and the body decomiwses and the eggs 
are scattered; or in some cases the eggs escape through a rupture 
in the body-wall, and are left as a trail on the objects over which 
the proglottis crawls. The eggs soon lose their vitality in a dry 
atmosphere. The proglottides of 1\ saginata, which have consider- 
able powers of movement, have been found on the wall a yard above 
the bed of their quondam host, and they frequently creep over his 
warm body. 

These facts seem to be sufficient to justify the view that the 
tape-worm is a colonial or polyzoic animal, the individual members 
of which have the power of separate and independent life. At 
the same time the existence of monozoic forms like Airliigpfos 
(Fig. 211) and Caryophyllaeus (Fig. 212) must not 1x5 forgotten: 
in these — the CestodaHidae — there is only one set of generative 
organs, and the body is unsegmented ; the head and body not being 
sharply distinguished. It would ai)p(5ar that these monozoic forms 
of Cestof^a have the same relation to the proglottis that Lucomaria 
has to Aurelia in the Amlephae, Just as the Lwernaria may be 
compared to a Sryphidowa, wliich dcveloj)s generative organs and 
does not strobilate, so an Arehigetes may lx; looked ui)on as a scolcx, 
which becomes sexual but does not bud off proglottides (i.e. does 
not develop into a strobila). 

This is the only satisfactory moile of regarding the Cesioda] 
especially as the entire tape worm, and not the proglottis alone, 
corresponds to the Treinatodi*, and is to 1x5 rogiirded as being 
derived from the latter by a simplification of organization and loss 
of the alimentary canal. 

The anterior part of the tape-wonii is narrow, and presents a 
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terminal swelling by which it at- 
tach(»s itself. This anterior swollen 
part is distinguished as the head of 
the taixj-worm, but it is mainly its 
external form which entitles it to 
this name. In Canjophyllaeiis the 
head armature is very weak, and 
consists of a lol>cd fringed expan- 
sion. The ai)ex of the head often 
ends in a conical projection, the 


Fio. lOCrt. — Head of Tarnia soli mu, 
viewed from tlie fnmt (apical surface), 
with rostelluin and double circlo of 
lux)k8. Tho four suckers are visible 
(from (ylaus). 

roHielhuHy which is armed with a 
circle of hooks, while the lateml 
surfaces of the head are furnished 
with four 8uckei*s {Taenia^ Fig. 
196a). In other cases only two 
suckers are present (BothriorejJi- 
alm)y or we lind suckei's of more 
complicated structure and \yQBot with 
hooks {Acanfli(ihothnum\ or four 
protrusible prol)osciscs l)eset with 
recurved hooks rarhynchua^ Fig. 
198); while in other gencm the 
hc'ad armature presents various 
special forms. 

That portion of the animal, which 
follows the head and is distin- 
guished as tho neck, shows, as a 
rule, the lii’st traces of commencing 
segmentation. The rings, wltich arc 
at first faintly marked and very 
narrow, become more and more 
tlistinct and gradually lai-ger tho 
further they are removed from the 
head. At the posterior extremity 
the segments or proglottides are 
largest, and have the power of 
becoming detached. 



Fio. 107.~7l/i’nfa sn^inata (mcdlorrtnel^ 
lu(ft), natural (afrer R. Leuckurt). 
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Fio. 198. — Young 
Tetrarhynchus with 
beginning segment* 
ation. The four ex* 
creiory canals with 
the connecting 
loops in the head, 
and the terminal 
vesicle B are visible 
(iVoin Claus). 


The simplicity of the internal organization corre 
sponds with the simple appearance of the external 
structure. Like the T'reinatoda^ the Cestoda arc 
said to possess no epithelial ectoderm. Beneath 
the cuticle -like outer membrane is a layer ol 
spindle-shaped cells lying at right angles to the 
surface ; their external ends abut upon the cuticlej 
and their inner ends are prolonged as fibres intc 
the parenchyma. Beneath this layer there is a 
delicate superficial layer of longitudinal nuisculai 
fibres, and next a parenchyma of connective tissue, 
in which strongly-developed bundles of longitudinal 
muscular fibres, as well as an inner layer of circulai 
muscles, are embedded ; both these muscular layers: 
are traversed, principally at the sides of the body, 
by gi’oups of dorso-ventral muscular fibres. The 
power which the proglottis possesses of altering 
its form is due to the interaction of all these 
muscles. By means of them it is able to shorten 
itself considerably, at the same time becoming 
much broader and thicker, or to elongate to double 
its normal length, becoming much thinner. In tlie 
connective tissue parenchyma of ihe body, not oiilj 
the muscles, but all tlie oth(5r organs are einlx^dded. 
Ill its peripheral portion, especially in the neigh- 
bourhood of the head, Ave find small densely packed 


calcareous concretions, which arc i)rob- 


ably contained in connective tissue cells. 

The nervous system consists of two 
lateral longitudinal cords passing exter- 
nally to the main trunks of the excretory 
system. They are somewhat swollen in 
the head, where they arc connected by a 
transverse commissure ; these anterior 
swellings and the commissure may reiire- 
sent a cephalic ganglion. In Monk'zia 
the lateral nerves are connected by two 
transverse commissures at the hind end 



of each proglottis. Distinct sense-organs ^w. m.-Head of a Tuenin witii 


are wanting, but the tactile sense may 1m* 
ascribed to the skin, especially to that of 


the four sucker's, and tlie coo- 
licit ing loops of the e\(M» toiy 
canal (after Fiiitnei). 
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the head and the suckers. An alimentary canal is also wanting. 
The nutritive fluid, already prepared for absorption by the host, 
passes endosmotically through the body-wall into the parenchyma. 

The excretory apparatus, on the contrary, attains a considerable 
development as a system of much ramified canals which are distributed 
throughout the whole body.* It consists primarily of two longi- 
tudinal canals (a dorsal and a ventral t), running along each side of 
the body and connected in the head and in c<ich segment by trans- 
verse trunks (Figs. 198, 199). Accoixling to the state of contraction 
of the muscular system these longitudinal tmnks and cross branches 
appear sometimes straight and some- 
times bent in a wavy or zigzag 
manner : their breadth also presents 
considerable variation, so that the 
power of contraction has been 
ascribed to their walls. The longi- 
tudinal trunks only serve as the 
efferent ducts of a system of very 
fine vessels which ramify through- 
out the whole parenchyma and 
receive numerous long tubes : the 
latter begin in the parenchyma with 
closed funnels, which contain a 
vibratilc ciliated lappet (Fig. 200). 

The larger vessels are said to con- 
tain valves. In many cases, as in 
Ligula and Caryophyllaeus^ these 
longitudinal trunks are broken up 
into numerous longitudinal vessels, 
which arc connected by transverse 
anastomoses. In other cases, on the 
other hand, the two ventral vessels are enlarged at the cost of the 
two dorsal, Avhich may entirely atrophy. The external opening of 
the excretory system is, as a rule, placed at the posterior end of the 
body, i.e., at the hind end of the last segment, in which a small 
vesicle with an external opening receives the longitudinal trunks. 
According to the observations of Leuckart on Taenia cucuinerinOy 
the posterior transverse canals in the segments immediately preceding 

* Comi>aro Th. Pintner, Untersuchungen ttber den Ban des Bandwnrm* 
kbrpeis,” Wien, 1880 . 

t These surfaces are distinguished by the generative apparatus (see below). 



Fio. 200.— A portion of the excretory 
•ystem of CaryofpKyUaeus mukibUU 
(after Pintner) lV& ciliated fonnels 
with the nucleus of the cell belonging 
to them. 
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the last become, by their gradual shortening and the approach of 
the longitudinal trunks, transformed into the vesicle, which acipiires 
an external opening when the segment behind it is detached. In 
rare cases the excretory system j^ossesses additional openings in the 
anterior part of the body behind the suckers, and clscwlierc. 

The generative apparatus is rejicated in each i)roglottis. The 
male apparatus consists of numerous snudl vesicles, the testes (Fig. 
201, T), which are situated nearer one surface of the i>roglottis tlian 
the other ; this surface is distinguished as the dorsal surface. 
Delicate ducts proceed from the testes to open into a common eirerent 



Fio. fOt. — Proglottis of Taenia saginata, with male nml hMimle organs (aHor Soinnujr). 
Oa ovary; />« yolk-gland (vitcllarium) ; Sil sliell-glaiid ; 11 uterus; T testes; I’d vas 
deferens ; Cb pouch of the cirrus ; K geiicrutivo cloaca ; I 'a va^'ina. 


duct (vas deferem). The coiled end of this duct lies in a musiuilar 
pouch (cin'us sheath)^ whence it can l>e protriKhul through the 
genital oijcning as the so«call(»d cirrus. This cirrus is frc(piently 
beset with spines which are directed backwards, and serves as a 
copulatory oigan. The female generative organs consist of ovary^ 
yotfl-ylandy shell-gland^ uterus^ receptamluMy and vagina. The vagina 
and vas deferens usually open into a common genital cloaca, which 
lies eitlier on the ventral surface of the segment (Bothrioeephalus)^ 
or on the lateral margin (Taenia) (Fig. 201). In the last case it may 
be placed alternately on the right and on the left side. Sometimes 
the two genital openings are widely separate, tlic male opening ))cing 
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placed at the side, the female on the surface of the segment. In 
other cases there are two sets of generative organs in each segment, 
opening on the right and left margins {Dipylidium). In the Bothrio- 
cephalidae and other forms (possibly in all Cestodes except the 
Tamiadae) the uterus has a special opening of its own to the exterior 
in addition to the vagina, which opens close to the vas deferens 
(Fig. 216). This opening is comparable to the uterine opening in 
Trematoda^ differing from the latter in being remote from the 
male opening. The vagina of Cestodes, which is not used for the 
exit of eggs, even when there is no uterine opening (see above, 
p. 244), must be compared to the canal of Laurer in the Trematoda. 
In forms with a special uterine opening, eggs are deposited through 
it while the proglottis is part of the chain in the intestine. When 
there is no uterine opening, the eggs are only set free by the 
rupture of the proglottis after it has broken away from the chain 
and reached the exterior. 

As the s(*.gnicnts increase in size and become further removed from 
the head, the contained generative organs gradually reach maturity 
in such a way that the male generative organs arrive at maturity 
ratlier earlier than the female. As soon as the male elements are 
mature, copulation is said to take i>lacc, and the receptaculum seminis 
is filled with sperm, and then only do the female generative organs 
reach maturity. 

The method of sperm transfercnce is not fully understood. The penis is 
sometimes found projecting from the genital opening (Fig. 207), and Leuokart 
states that he has seen it inserted into the vagina of the same proglottis, thus 
being in a [Kisitioii to ctfcct self-fertilization. In other cases it has been found 
(Tagcnstecher) inserted into the vagina of another proglottis of the same chain. 
There is also the jwssibility of copulation between the proglottides of different 
chains in the same host, though this has not been observed ; and it may be that 
in some casc.s the penis is used, like that of the Ttcrhellaria, for hypodermic 
injection of spermatozoa. Finally we must admit the possibility of the sperm 
passing out into the fluids of the intestine in wldch the body of the tape-worm 
is batiied, and of the spermatozoa so set free migrating in suMcient numbers 
into tko vagina of other proglottides. 

Tki ova arc fertilized and pass into the uterus, which then assumes 
its characteristic form and size. As the uterus becomes distended, 
the testes and then the ovaries and vitellaria are more or less com- 
pletely absorbed (Fig. 202). The posterior proglottides, viz., those 
wliich are ready for separation, have alone undergone full develop- 
ment, and the eggs in their uterus often contain completely developed 
embryos. Accordingly we can recognize in a continuous series of the 
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8^;ments the course of development passed through by the sexual 
organs and products in their origin and gradual progress towards 
maturity. An examination of the segments between that with the 
drst trace of the generative organs and the first proglottis with fully 
developed organs will give us an idea of the stages of structure 
through which each segment has to pass. The tape-worms arc ovi- 
parous ; either the embryo develops within the egg-shell in the body 
of the mother, or the development takes place oritside the proglottis, 
for example, in water {Bothnocepha^us). 



rate o, of Taenia aoitum; h, of Tnenin Fio. 203.— Egg with embryo : a, of Tatnia 
fagiwkta. Wo witter • vascular (excretory) solhim; of Microtaenia ; c, larva of 

canal (from Claua). Bothnocephdlus latvs (after R, Leuckart). 


The eggs are round or oval and of small size (Fig. 203) : they 
consist of the minute ovum embedded in yolk-cells and surrouiided 
by a membrane, which is thin when the development takes place in 
the uterus, and thick and provided with an operculum when it occurs 
only after oviposition (Bothriocephcdidae, etc.). The early develop- 
ment appears to be closely similar to that of Trematodes; the 
segmentation is complete, and is followed by the epibolic formation 
of two membranes, of which the outer, lining the inner surface of 
the shell in the Bothrioc^hcdidae (Fig. 204), is called the shell or 
eweeleping membrane, the inner being the so-called ectoderm or outer 
layer These two membranes surround the rest of the embryo, 
which we shall call the intier mass. The enveloping membrane is 
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left in the shell at hatching, and the outer layer either becomes thick 
and ciliated, as in some Bothriocephdlidae (Fig. 203, e), or thin and 
not ciliated as in other Bothriocephalidm and Taenias which inhabit 
aquatic animals, or finally it becomes cuticularised as a thick, radially 
striated layer (Fig. 203, n), as in the Taenias which infest land 
animals (protection against desiccation). Meanwhile, either while 
the embryo ia free {Bothrioc^halidae), or while it is within the 
uterus of the mother, the inner mass develops six hooks, and 
becomes the six-hooked embryo or Onchosphere (Fig. 205, h). In 
the Bothriocephdlidae the further history of the embryo is unknown; 
it loses its ciliated coat and probably soon dies, unless it migrates into 
its next host, which is unknown. In 
other cases, in which the life-history has 
been followed, the development of the 
embryo into the asexual scolex rarely 
takes place in the intestine of the original 
host. It is said to do so in Taenia 
(Hymenolepis) nana (see p. 261), and it 
has been suggested that it might occur 
in the stomach of the same animal, if by 
reversed peristalsis a ripe proglottis was 
passed back into the stomach, and there 
digested {T. saginata). 

As a rule the Scolex, i.e. the head and 
neck of the tape-worm, is developed from 
the six-hooked embryo in another host, 

^nd in some cases (Coenurus, Echino- 
coccus) more than one scolex arises from 
a single embryo (Fig. 206). 

The eggs usually leave the intestine of 
the host in the proglottis, either by active migration or in the faeces. 
The proglottides are deposited on the ground or in water. Here they 
crawl about and deposit their eggs os described on page 244, but they 
soon die, especially if the temperature is unfavourable and the air dry. 
The embryo, which in the case of the land forms is protected against 
desiccation by the thick cuticle described above, retains its vitality 
for a time, which depends on the external conditions. Eventually 
it dies, unless it passes into the stomach of a suitable host. As a 
rule this host is an herbivorous or omnivorous animal, but it may 
lie a carnivorous animal. The embryos are usually taken up in the 
food, or in drinking water, but occasionally they enter accidentally 



Fia. 204.-~Bmbryo of BothTi<h 
cephalus lotus pressed out of 
the egg. Ec outer layer (so* 
called ectoderm) ; ffm the shell 
(enveloping) membrane. 
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in consequence of dirty habits.* As soon as tlie egg membranes are 
digested or burnt by tlie action of the juices of the stomach of the 
new host, the embryos, or onchospl;eros as they are called, which 
have been thus set free, bore their way into the gastric or intestinal 
vessels by means of their six (rarely four) hooks, the points of which 
can be approached and removed from one another over the periphery 
of the small globular embryonic body (Fig. 205, b). When they are 
once within the vascular system, they are no doubt carried along 
passively by the current of blood, and transported by a longer or 
shorter route into the capillaries of the different organs, as the liver, 
lungs, muscles, brain, etc. After losing their hooks, they usually 
become enveloped by a cyst of the connective tissue of their host, 



Fio. 205.-~Stages in the development of Taenia solium to the Cysticercus stage (partly after R. 
Leuckart). a, egg with embryo; h, free embryo; c, rudiment of the head as a hollow papilla 
on the wall of the vesicle ; (/, bladder-worm with retiactcd head ; e, tlw same with protruded 
head, magnified about four tiroes. 

and grow into large vesicles witli liquid contents and a contractile 
wall. The vesicle gradually becomes a rtjiftic or bladder tcorm by 
the formation of one {Cysiicerem^j Fig. 205, e) or several {Coenurus) 
hollow buds, which are developed from the walls and project into the 
interior of the vesicle (Fig. 205, r). The armature of the tape-worm 
head (suckers and double circle of liooks) is formed on the inside 
and at the bottom of this invagination of the wall of the vesicle 
(Fig. 205, d). When these Jiollow buds an* evaginated so as to form 
external appendages of the vesicle, they present tlie form and 
annaturc of the Cestode head, as well as a move or less develoj>ed 

* The habit of allowing dogs to lick the fiice and to feed off plates which 
their owners use is, to say the least of it, an unclean one, and should be 
avoided. 

t E.xceptioually two or more lieads arc found in some Cysticercus forms. 


CESTODA. 


253 


neck, M'hich presents even at this* stage traces of segments (Fig. 
205, e), Tlie liead and neck together constitute the scolex. In some 
cases {Echinococcus) tlic irregularly shaped maternal vesicle produces 
from its internal Avails one or two generations* of secondary vesicles 
Avhich project into it ; and the Cestode heads originate in special 
small hrood-capsules on these secondary vesicles (Fig. 206, a). In 
such cases the number of tape-worms which arise from one embryo 



Fio. 206.— a, brooa capsiile of Evhinococnis with developing heads (after R. Leuckart). h, brood- 
capsule of EdiinouM’cus (after G. Wageiio). e, headii of /'Jc/ii«fvoccussUll connected with the 
wall of the brood-capsule— one is evaginated ; Kc excretory canals. 

is naturally enormous, and the parent vesicle may roach a very 
considerable size, being sometimes as large as a man’s head. In 
consequence of this enormous growth the vesicles frequently obtain 
an irregular shape ; wliile on the other hand, the tape-worms wliich 
are developed from them remain very small, and carry, as a rule, 
only one ripe proglottis (Fig. 207). The cyst in which the bladder- 
worm lies, and which is caused by it, is called an hydatid cyst. 

• In Cysticerci {C\ longicolliSf tenuicoUis) also, sterile daughter vesicles are 
sometimes budded olF, 
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So long as the tape-woriii head {scolex) remains attached to the 
body of the bladder-worm and in the host of the latter, it never 
develops into a sexually mature tape-worm ; although in many cases 
it grows to a considerable length {Cysticercus fasciolaris of the 
house-mouse). The bladder-wg^-iii must enter the alimentary canal 
of another animal before the head (scolex) can, after separation from 
the )x)dy of the bladder-worm, develop into the sexually mature 
tape-worm, This transportation is eficcted passively, the new host 
eating the flesh or organs of the animal infected with Cysticerci. 
The tape^worms, therefore, are principally found in the Carnivora^ 
the Insedivoray and the Omnivora^ which receive the 
bladder-worms in the flesh of the animals on wliich 
they feed. The vesicles are digested in the stomach, 
and the cestode head becomes free as a scolex. The 
latter is, perliaps, protected from tlic too intense 
action of the gastric juice by its 
calcareous concretions, and at 
once enters the small intestine, 
fastens itself to the intestinal 
wall, and grows by gradual seg- 
mentation into a tape -worm. 

From the scolex the chain of 
proglottides proceeds as the re- 
sult of a growth in length 
accompanied by segmentation, a 
Fig. 207.-ra«nia process which is to be looked 



^ ^ asexual repro- 


Fio. 20S.—Cystirercoid of 
Taenia cucumerina^ inag- 
iiitiid 60 times (after R. 
Leuckart). 


kart), magiiifled ductioii (budding in the direction 
12 to 15 times. axis). The develop- 

ment of the scolex is then to be explained as a metamorphosis, 
characterized by the individualization of certain stages of the 
development. But the whole life-liistory is a case of metagenesis, 
inasmuch as the sexual proglottides alternate with the asexual sColex. 

The development of some tape-worms {Microtaeniinae) presents 
considerable simplifications. In the cysticercus stage the vesicle is 
represented by a small appendage (Fig. 209, 6), in which the cavity 
is much reduced or absent. Such cysticercus forms are called 
Cysticercoids^ in which an appendage bearing the embryonic hooks 
is distinct from a larger part which represents the scolex (Fig. 210). 
Cysticercoids are found principally in Invertebrates (Gammarids, 
Cyclops, Insects, Slugs, Oligochaetes) 
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The tiipc ^vorms feinul iu herbivorous animals are probably 
derived from the Cysti(H‘reoids of Invertebrates, but the inter- 
ine<liate host is generally unknown. The same may be said of 
the tape-worms of birds, only in this case the intermediate host 
is more often known. 


In some eases the caudal appendage, which is the homologue of 
the ve.^icle of the Cysticerci^ is elongated (Fig. 210), and the 
Cysticercoids then present a considerable resemblance to the Cercana 
of a Trematodc. If this comparison is a just one, as it probably is, 
the Cysticercoid must be rcgaixled as a more primitive larval form 
than the Cysticerciis. Moreover Caryophyllaeics (Fig. 212) with its 
single set of generative organs and unsegmented body is probably 
the most priiiiitive member of the group, and may be compared to 
the ordinary S(ix.ual Trematodc. 



rt, Ei’hinoroi'Cus-Wke Cyst from 
Die Ixxly -cavity of the oart}i-w<*rin 
(aitt'r * E, containing 

C\'st iccic()i<ls ; h, Cj .sticcrconi 
with tvaginate<l head 



Fio. 210. — • Cysticercoid of 
Taenia sinuosa from Gani- 
nuanis pulex (after Ha- 
iitanii). 


Ampliilhia (Fig. 2^3) and Amplnptyelies are forms intermediate 
between the Treniatodes and Cestodes, while Archifjetes (Fig. 211) 
is either tlie most primitive Cestode, or a larval form which has 
bt‘come sexntdly mature. All the other Cestodes differ from the 
jtriinitive Caryojfhyllaeus in the fissive reproduction which the body 
undergoes in the process of strohilization. The only part of the 
body which is not reproduced in this asexual inci-ease is the organ 
of attachment ; just as in tlie Scyphisfoma (Fig. 132, g) all the 
organs of tlie body participate in the fission by which the ephyrae 
arise except the stalk of attachment. Finally it must be pointed 
out, that on this view Ltgula is not a primitive, but a highly 


Verh, d, rUershurger Nuiurfotsch.^ 1808, ZooL, p. 203. 
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specialized form, in which the sexual persons produced , by division 
have lost their distinctness and do not separate from the colony. 
In other words, Ligvla bears the same relation to a sharply seg- 
mented tape-worm that a hydroid colony with medusoids bears to 
a colony which buds off free-swimming medusae. Bothriocephahis^ 
in which the segments separate off in groups (Fig. 214), may bo 
regarded as a stage on the road to the condition found in Ligttla. 


Fam. 1. Cestodariidae. The body is unscgmented and the generative organs 
are not repeated. Archigetes Lkt. A. Siehohiii Lkt. (Fig. 211), in the body- 
cavity of the generative segments of Tubifex rivulornni, about 3 mm. long, with 
caudal appendage (TOnchosphere) which carries three pairs of small hooks at its 
free end. The anterior cud of the body has two weak suckers. 
Life -history unknown. The only Cestodc which attains sexual 
maturity outside the Vertebrata, It is to be regarded as a 
Cestode retaining the Onchosphere, and still fixed by the 
embryonic hooks. Caryophyllaeus Mull., elongated, no ex- 
ternal distinction between head and bo<ly, witliout suckers ; 
excretory o[)eniiig at hind end ; genitiil pore on ventral surface 
of hind end, receives the vas deferens, uterus, and vagina. 
C, miUahilis Rud. (Fig. 212), intestine of Cyprinoids, asexual 
form probably in Tubifex rivulorum. Aviphilina Wagener, 
body-cavity of sturgeons, A, foliacca Rud. (Fig. 213). Body 
flattened, Treinatode-like, 60 inin. long, j)ointed at one end 
which carries a sucker near by the opening of the uterus 
(Utm) \ the vagina (Vg) and vas deferens {C) open at the 
other end; body -cavity of sturgeon; produces a partially 
ciliated hooked embryo, life- history unknown. Qyrocotyle 
Dies. {Amphiptyches Wagener), alimentary canal of Holo- 
cephalij a sucker at the anterior end, edge of body fohlcd. 
Uterus, vagina, vas deferens oi)en separately ; O, uma W., 
alimentary canal of (Jhiinaera, The Onchosphere probably 
passes into bivalves. Wagciieria Monticelli, in Scymnus 
nicaeenns, 

Fam. 2. Bothriocephalidae. With only two suckers, which 
are weak and flat. Generative organs usually open on the flat 
surface of the proglottis. Proglottides are often detached in groups. Hydatid 
stage represented by an encysted scolex (Fig. 215), which is usually found 
in fishes. Bcihridium Blainv. (Solenophorus Creplin) intestine of pythons and 
boas ; DiploeUyle Ki'abl^e, intestine of fishes ; Diphylloholhrium Cobbold, 
intestine of dolphin ; Ptychobothrium Lbnnberg ; Diithiersia Perrier, from 
Varanus. 

Bothriocepfialus Brems. Segmented body. Head with two pits, without 
hooks. The genital openings are on the middle of the ventral surface. The 
young stage usually in fishes. B. latus Brems. (Fig. 214), the largest of the 
tape-worms parasitic in man, twenty-four to thirty feet in length, principally 
found in Russia, Poland, Switzerland, and South France. The sexually mature 
segments are bi*oader than they are long (about 10-12 mm. broad and 3-6 mm. 
long). They do jiot become detached singly, but in groups (Fig. 214). The 
•egznents of the hindermost portion of the body are, however, narrower ajid 


Fio. 211.-— ilrcfci- 
geUi Sieboldii 
Lkt. (after 
Leuckart). 
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longer. The head is club-shaped, and is provided with two slit like pits. The 
cortical parts of the lateral roc^ious of the body contain a number of round 
masses of granules, the yulk-tjUnuls (Fig. 216, Dat), the contents of which are 
jM>nre<l into the sin'll glands (coiled glands) through the so-called yellow’ ducts. 

Tlio genital openings Ho close together, one bcbiiid the other, in the midst of 
the segment (Fig. 216, a). The anterior and larger belongs to the male generative 
apparatus, and leads into the muscular terminal portion of the vas deferens, 
W’hicli is enclosed in the cirrus sheath (Fig. 216, Ch), and can bo evaginated 
as the ciirus. The vas deferens just before its entrance into the cirrus pouch 



Fir; 212 '(•i ijniiji viutti' 

I'lfm (alt<*r V. C'aiiis). if' ex- 
crulory canal; H tc^lcs ; Vd 
\;is (IrffH'lis ; I'i) \rsu*lila 
.seminal is ; i’ penis; 0^ tivar^ ; 
IJ 3olk -f'land ; Juj tliud, of 
yolk .uiland ; Ul uterus ; JU 
rcceptacnluni sendnis. 



Fio. 2l^.—Am}>hiUna foliacea, showing 
the generative. duct'<. sucker; Ut.m 
opening of uterus; D,!it yolk-gland; 
K,t>t ovary; Vfj opening of vagina; C 
opening of vas deferens (after Wagencr). 


is diluted (Fig. 216, h) to form a large muscular swelling (the vosioula seniinalis?). 
It then becomes coiled, and ^uisscs in the direction of the long axis of the 
segment on the dor.sul .surface and divides into two side branches. Tlieso 
receive the ellercnl canals of the delicate testicular sacs, which QCCU]>y the 
lateral parts of the middle layer (T). The female genital opening (Fig. 216) 
leads into a vagina ( Fa) situated behind the pouch of the cirrus, and frequently 
idled with semen. This vagina runs as a tolerably straiglit median canal on the 
ventral surfiice, and o|a*n.s by a short, narrow tube into the oviduct. The 
vagina also functimis as a reoi^f^tculiha nt'iuinis. There i.s yet a third ope.ning 
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Fio. iii,--Bo(hriocephfihis latus (after 
Leuckart). 



Fio. 215.— Encysted larva of Bothrio^ 
cephulu* ffom the Smelt (after 

X^nckart). 


(Fig. 216, a), situated at some distance behind 
the other two; this is the opening of the 
tubular uterus {Ut), the convolutions of 
which give rise to a peculiar rosette-shaped 
figure in the midst of the segment. Close 
to the hind end of the segment the ducts of 
the yolk-glands {Dst) and of the ovaries (Ov) 
unite with each other and open into the 
uterus; the cells of the shell -gland {Sd) 
surround and open into the point of junction 
of these structures. 

The ova are for the most part developed 
in water, and escape from the upper pole of 
the egg-shell through a lid-like valve (Fig. 
204). The escaped embryo is covered with 
cilia (Fig. 203), by means of which it swims 
about for a long time. The encysted larval 
form (scolex without a bladder) is found 
between the muscles or in the viscera of the 
pike, turbot {Lota mdgaris)^ and possibly of 
other fresh-water fish (Fig. 215). How they 
become infected is not known, as experiment 
tends to show that the ciliated larva docs not 
enter them directly, and no intermediate host 
is known. The scolex enters the body of its 
final host in the flesh of the fish. B, cordatus 
Lkt. With large, heart-shaped head, without 
a filiform neck ; with deposits of numerous 
calcareous bodies in the parenchyma. It 
attains a length of about three feet, and 
lives in the intestines of man and of the 
dog in Greenland. B, ligaloides Lkt. Young 
form about 20 cm. in the subperitoneal tissue 
of man in China and Japan. 

Schistocephalus Crepl. Head split, with a 
.sucker on each side. The body of the cestoid 
form is segmented. S, solidus Crepl. Lives 
in the body cavity of the stickleback, escapes 
into the water, and becomes sexually adult 
in the intestine of water-birds. Triaeno- 
pho7'US Rud. Head not distinct, with two 
weak suckers and with two pairs of triden- 
tate hooks. The body has no external seg- 
mentation. The generative openings are 
marginal. T» nodiclosics Rud. In the intes- 
tine of the pike. Asexual encysted form in 
the liver of Cyprinus, Bothrinwnus Duver- 
noy, intestine of sturgeon. 

Ligula Bloch. iBody band-shaped and un- 
segmented. Without real suckers. Hooks 
may be present or absent. The Cestoid has 
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no segmentation, but the generative organs are repeated. They live in the 
body cavity of Teleosteans and become sexually mature in the intestine of 
birds. Z. simpUcisswia Riid., in the body cavity of fishes and in the intestine 
of aquatic birds. Z. tioha v. Sieb., in the intestine of the tench. 

Fam. 3. Tetrarhynchidae. Head with two or four suckers, and with four 
protractile proboscises armed with hooks (Fig. 217) ; genital openings marginal. 
The scolices live encysted in bony fishes, and the sexual worms in the intestine 
of skates and rays. Tetrarhynchiis Cuv., with four suckers ; Mynchobothrium 
Blaiiiv., with two suckers 

Fam. 4, Echinobothridae, With two suckers and two armed proboscises ; 
genital openings marginal. 3:hinohothrmni v. Ben. 

Fam. 6. Tetraphyllidae. Head with four very mobile suckers often armed 
with hooks. Proglottides detached singly. Genital pores marginal. In the 
intestines of Selachians. 



Flu. 216.0 Generative organs of a sexually mature proglottls of Bothriocephalus Jatm (after 
Sommer and Landois) ; a, from the ventral surface ; h, hrom the dorsal surface. Ov and v 
ovary ; Ut uterus opening to the exterior independently of the vagina ; Sd shell-gland ; 
Dst vitellarluni (yolk-gland); Va vagina with opening; T testes ; Cb pouch of the cirrus; 
Vd vas deferens. 


Sub-fam. 1. Fhyllobotlirinae. Suckers without hooks, more or less 
stalked. Echeneibothmm v. Ben.; Phylloboihrium v. Ben., suckers sessile; 
Anlhobothriim v. Ben. 

Sub-fam. 2. Phyllacanthinae. Suckers armed, each with 2 or 4 hooks. 
Acanthobothriim v. Ben, ; Calliobothrium v. Ben. ; Onchobolhrium Blainv. 

Fam. 6. Taeniadae. The aimiature of the head consists of four muscular 
suckers, to whicli is frequently added a single or double circle of hooks on 
the rostellum. The proglottides have a marginal sexual opening. The vagina 
is usually long, and enlarged at the internal end to form a receptaculum seminis 
(Fig. 201). The uterus is without a sjMscial opening to the exterior. The young 
stages are Cysticerci or Cysticercoids, rarely quite without caudal vesicle. 
Parasitic in wjyjfn and cold-blooded animals. 

Sub-fain.’ 1. Cystotaeniinao. Rostellum usually with double row of 
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hooks. Dcvclo[mient by means of Cysticorci (bladder- worms). Both 
bladder ^vortn and tajie-wonn stage in mammals. Taenia L. ifiystoiaenia 
R. Lkt). The vesicles of the Cysticerci arc large. The heads arise from 
the bladder of the Cysticercus. 

T. solium, L. 2-3 metres long, A double circle of»26 hooks. The rijM) 
proglottides are 8-10 mm. long and 6-7 mm, broad; the uterus has 7-10 
dendritic branches (Fig. 202). It livca*«u the human intestine. Tlie 
bladder- worms belonging to it {Cydicerciis cellulosac) live princi|ially in 
the dermal cellular tissue and in the muscles 
of pigs, but also in the human body (muscles, 
eyes, brain), in which self-infection with them 
is possible if a Taenia is present in the digestive 
canal ; more rarely in the muscles of the roe- 
deer, the dog, and the cat. In the human brain 
the Cysliccrcus accpiircs an elongated form, and 
sometimes docs not produce a head. 

T, aaginata Goozc'=>mcdioca)iellata Kiudumm., 
in the intestine of man, distinguished by the 
older helminthologists as a variety of T, solium, 
'Head without circle of 
hooks or rostellum, but 
with four more power- 
ful suckers. The tape- 
worm reaches a length 
of four metres, and 
becomes much stronger 
and thicker. The ma- 
ture proglottides arc 
about 18 mm. long 
and 7-9 mm. broad. 

The uterus forms 20-35 
dichotomous side 
branches (Fig. 202). 

The Cysliccrcus lives 
in the muscles of the 
Fio. 21T.— Scolex of Tetrarhyn- ox (Fig. 218). It up- Fio 218. — CyslicnrHn of 
showing the fotir j>cars to be principally Tamia&vginataOnrdiiU ff 

prol^cisw. pr..tr..doa ai^^tributed ill the ■■■"Smlle.l alK.ut 

aiKl two of the saekers (after eight times. Hie lii'ml i.s 

vail Dcueden). warmer jmrts of the protruded (from Clau.s). 

Old World, but is 

often found in great numbers in many places in tlie north. It is the 
common tape-worm of the Abyssiuians. 

T. serrata Goeze, in the intestinal canal of the dog. The Cysticcrcus 
is known as Cysiicercfus pisi/orniis in the liver of the hare and rabbit. 
T, crassicollis Rud. in the cat, with Cysliccrcus fasciolaris of the common 
mouse. T, marginaia Batsch. of the dog (butclier’s dog) and wolf with 
Cystieercus imxtieollis from ruminants and pigs, and occasionally in man 
{Cyst, viaeeralis), T, crassiceps Rud, in the fox with Cysliccrcus lonykollls 
firoHi the thoracic cavity of the field-mouse. T. coenurus v. Sieb. in the 
intestine of the sheep-dog with (ucnurus ecrchmlis in tlie brain of one-year- 
old sheep causing staggers. The presence of Coenurus in other places lias 
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been stated, as for instance, in the body cavity of the rabbit. T, tenui- 
collis Rud. in the intestine of the weasel and the jwle-cat, with a Cyaticcrciis 
which, according to Kuchcnmcisicr, lives in the hepatic ducts of the field- 
mouse. 

Echinococcifer Weinl. The heads bud on 8|>ccial brood-capsules in such 
a way that thoir invagination is turned towards the lumen of tlie vesicle 
(Fig. 206). T, echinococcus v. Sich. (Fig. 207) in the intestine of the dog, 
3-4 inm. long, forming but few proglottides. The hooks on the head are 
ninnerous but small. Its bladder- worm is di.stinguished by the great thick- 
ncjss of the stratified cuticula. It lives as Echinococcus princit>ally in the 
liver and the lungs of man (A’. Jiominis)^ and of doino.stic animals {E. vctcrU 
norum). The first form is also distinguished as E. allricipariens on account 
of tlic frequent production of primary and secondary vesicles ; it usually 
roaches a very considerable si/.c, and has a very irregular shape ; while tliat, 
form which inhabits domestic animals, E. scoliciparienSf more frequently 
retains the form of the simple vesicle. Finally these echinococcus cysts 
frequently remain sterile, in which case they arc called Acephalocysts, 
Another, and indeed j»athological form is the so-called multilocular Echino- 
Oiccus, which was for a long time taken for a colloid cancer. It is also 
found in mammalia (in cattle), and here presents a confusing resemblance 
to a mass of tuberch s. The echinococcus disease (hydatid plague) was 
widely spread in Iceland. This disease likewise seems endemic in many 
places in Australia. 

Sub- fain. 2. Microtaeniinae. The rostellum is frequently absent, or 
unarmed, or beset with small hooks. Development by means of CyaticercoidSy 
the vcsielc having but little (luid, or being absent. The Cyaticcrcoid lives 
principally in invcrtebrate.s (slugs, insects, &c.), more rarely in cold-blooded 
vertebrates (the tench). 

Sub-gcmis Dipylidimn Lcuck. M’ith two sets of generative organs in 
each segment. T. cucam/irina Bloch, in the intestine of dogs (house dogs). 
The Cy.sticcrcoid is entirely without the caudal vesicle, and lives (according 
to Mclnikolfand R. Leuckart) in the liody cavity of the dog-louse (Tricho- 
dectes canis). The infection with the Cysticercoids takes place when the 
dog swallows the parasites which are annoying him, while the jwirasites 
swallow the eggs contained in faeces adherent to the hair of the dog. 
Nearly allied is T. elliptica Batsch, in the intestine of the cat, occasionally 
in that of man . 

Sub genus Hymenolepis Weiuland. One set of generative organs in each 
segment, opening on one side ; eggs wdth two smooth shells. T. nana 
Bilh.-v. Sicb., in the intestine of the Abyssinians and in Sicily, hardly an 
inch long ; probably identical with 1\ murina of the rat, the Cy.sticerooid 
of which, according to Grassi and Rovclli, is able to develop in the 
intestinal villi of its host, find then emerge to form a ta|K}-worm in 
the intestine (self-infection). T, fiavopuncUdu Weinl., in the human in- 
testine (North America). Also found by Grassi in Italy, and regarded as 
identical with T. diniinuta R\ul, leptocepha la Crepl., of the rat. I he 
Cysticercoids of the meal-worm are ])robably developed into tape-worms 
in the intestines of mice and rats. 

In other partially unarmed Taenias* the generative organs and develop- 
ment arc as yet not accurately known; such arc— y*. (Anoplocephala 

* See note on following page. 
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R. Bl.) perfoliaia Goeze, and T, plicata Rud., in the horse ; T. {Mmiezia 
R. Bl.) pectifuUa Goeze, in the hare; T» dispar Rud., in the frog; T. 
(Ctemotamia R.) expansa Iul, in the ox. 

There is a special section of Taenias/ in which the genital opening is on the 
broad sur&ce of the segment : such are T. liUerata Batsch. ; T, limata Goeze, 
in the intestine of the dog. To another group belong Taenias from the^ gut of 
birds, e,g. T. sinuosa Zed., in the goose and duck; 2\ tenuirosiris from 
Merganser and AnaSj both with tailed Cysticercoids in Gammarus. 

• A number of new genera have been recently created for the reception of 
species formerly united under Taenia: vide A. Railliet, “Notices parasitolo- 
^ques/’ BulL Soe. ZooL France^ 1892 ; and R. Blanchard, de la Soc. ZooL 
de France, 4, 1891, p. 420. 



CHAPTEE VI. 


Phylum NEMERTEA * 

Elongated^ vermiform animals with a ciliated ectoderm, and an 
eversible proboscis lying in a sheath on the dorsal side of the enteron. 
With mouth and anus, simple gonads, and a vascular system. Dioecious. 

The position of the Nemertea is difficult to settle. Formerly they were united 
with the PlatyhclmintheSy but the presence of an anus, and of a vascular system, 
and the higher organization of the organs and tissues in general, renders it 
advisable, for the present at any rate, to place them in a separate phylum, 
allied to the Platyhelmintli phylum but not part of it. It has been suggested 
that the proboscis of Neniertines is homologous with the retractile anterior part 
of the body found in some Turbellaria, particularly Prorhynekus. The general 
structure of the Ncmertine tissues strongly recalls that of Balanoglossus. 

The Nemertea are elongated worms, some of them attaining an 
immense length, and are found in the sea, in fresh water, and on 
land. The marine forms are, however, by far the most numerous. 
Tliey are often brilliantly coloured, and many of them have the 
jiower of forming a tube around their bodies by the mucous 
secretion of the skin. The body is excessively contractile, so much 
so that a worm which is measured by yards when extended may 
shrink to a length of as many inches. The mouth is large and 
placed on the ventral surface of the anterior end of the body. It 
leads into a straight alimentary canal consisting of oesophagus and 
intestine. The latter opens posteriorly by a terminal anus, and 
possesses lateral caeca which are genemlly, but not always, regularly 
arranged in pairs ; it also gives otf from its front end an anteriorly- 
directed caecum. 

The most characteristic organ of the group is the proboscis. This 

♦ W. C. McIntosh, A Moiwgraph of British Annelida, Pt. 1, “ Nemerteans,” 
Ray Society, 1873-4. A. A. W. Hubreclit, “Unters. ub. Nemertinen a. i. 
Golf V. Neapel/’ Niederl, Arch, f ZoologU, 2, 1874. Id., “The Genera of 
European Nemertinos critically revised,” Notes from the Leiden Museum, 
1879-80. Id., “Report on the Nemertea,” Challenger Be/mts, vol. 19, 1887. 
0. Biirgcr, “Die Enden des exkretorischen Apuarates bei den Nemertinen, ** 
ZeiLf w. Zoologie, 53, 1891. 0. Burger, “Die Nemertinen,” Fauna u. Flora 

des (Jolfes von Neapcl, 22, 1895. 
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lies in a sheath (Fig. 219 bis) which is placed f)ii the dorsal side 
of the gut, and extends in most forms along tlie whole length of 
the body. It is a holloAV tubular organ, oj>ening nearly always at the 
front end^ of the body, but closed behind. In the retracted state 


0 



Fin. 219. — Tetrastevima obm ui nm 
(after M. Scliulze). Youn.^ 
specimen about 8 lines iu 
length ; 0 inouth ; D intrsi inc. ; 
A anus; blood-vessels; li 
prol> 08 cis armed wilh stylet; 
£x lateral trunks of tin* t \cre- 
tory system ; F cveretory pore ; 
G lateral or;.;an ; Ac nervo 
centre; Ss Lateral nerve cords ; 
Oe eyea. 



Ti*: 219 7//'''. — Idn-ram show in; the proboscis of 
an armed A’ciiKrtmu in it^ n l:ition to itsslicath 
(IVoni Lang). in Hit! ictr.iclctl condition; 
li, ill the piolnnletl stale, /’ proboscis; rs pro- 
bo'-fis slnutli ; rah j liMicocuclttm ; at s))ine; 
f/dcavityof Ibc posttMior JM/n■^•^ crsible lart of 
the proboscis ; rm rtli actor ninsclo. 


the probosefs lies in its sheath, to the hind end of which its blind 
end is fastened by a muscular band (Fig. 219 bis, J); its walls 
contain both transverse and longitudinal muscles, the latter of 
which are continued into the band. The proboscis sheath also 


* In AkrostoininUi Malucohddla, etc., the opening of the proboscis ia within 
the mouth. 
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has muscular walls, and contains a corpusculated fluid ; it contains 
a closed cavity (rhynehoeoelotn), and its epithelioid lining is 
continuous anteriorly with that covering the outer side (in the 
i-ctracted state) of the proboscis, i.e. with Uto epithelium on that 
surface of the retracted proboscis which is in contact with the 
proboscis-sheath fluid. The pro1x)8cis and its sheath may therefore 



Fia. SSO.-’A yoaug PelagonemerUs R6ae$fcnl, donuil view (after Hiitifeclii, ftorn PerriwX P pro- 
boHcts ; 0 elieaih of proboiicie ; / iutesUne ; D diverticula of intestine ; C oerebnl ganglia ; 
N lateral nerve cords; V Intend vessels; 0 ovaries: A anus; m k^tsdinal aiuseles; 
t tianavene muscles. 


be compared to the Anger of a glove, of which the free end is 
palled in upon the portion next the hand, the pulUng u being 
effected by a string attached to the inner side (rf the tip of the 
glove, and lying inside the finger, from the above desaiptaoin it 
will also be clear tiiat the epithelium lining the inner susfaee ot tiie 
retracted proboscis is eoutinuous with the soziaee eetodem of the 
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body at the anterior opening, and becomes external when the proboscis 
is projected by eversion (Fig. 219 6ts, B). The eversion is no doubt 
caused by the contraction of the muscular wall of the sheath bringing 
pressure to bear upon the contained fluid, and, when completed, the 
middle portion of the retracted proboscis is at the front end of the 
protmded organ. That is to say, the hinder jmrt of the proboscis is 
not eversible : it lies within the protruded part of the proboscis in 
the projected state, and in the hinder part of the sheath in the 
retracted state. This non-eversiblo portion has glandular walls and 
contains a fluid. In the armed forms {Hoplmemertini) it is separated 
from the eversible part by a contraction of its cavity, which almost 
closes up the eversiWe part, and a stylet, to which may be added two 
groups of small accessory reserve stylets, is placed ai this point. 
The posterior part of the proboscis o]:)ens by a narrow aperture at 
the base of this stylet, and allows the contents of the glandular 
non-eversible part, which is very possibly poisonous, to exude. 
When the proboscis is completely everted the stylet projects freely 
at its apex. 

In the unarmed forms {Anopla) the stylet is absent, but the 
surface of the proboscis which becomes external on eversion possesses 
numerous ncmatocysts. The proboscis is therefore clearly offensive, 
but very possibly it also possesses a tactile function. 

The body-wall varies in structure in the different orders. It 
always possesses an external layer of ciliated ectoderm cells con- 
taining mucus-secreting gland-cells. Within this there is in the 
Heteronemertini (1) a thin basement membrane, (2) a cutis con- 
taining connective tissue and some longitudinal muscular fibres, (3) 
a layer of longitudinal muscular fibres, (4) a thin layer of a plexiform 
nervous matter containing at two points the lateral nerve-cords, (5) 
a layer of circular muscular fibres, and (6) of longitudinal muscles; 
this is followed by a compact mass of reticular connective tissue 
which passes into the muscular coats of the intestine and proboscis 
sheath. In other Nemertini there are only an external circular and 
internal longitudinal muscular layer. All the layers al>ove mentioned 
are embedded in a gelatinous albuminoid material, which is especially 
developed in the transparent pelagic form, Pelagonemertes^ and is of 
the same nature as the jelly of Medusae. There is therefore no 
body cavity in Nemertines, though, as in Rhabdocoeles, spaces in 
the connective tissue may in some cases be so large os to simulate 
one. 

The nervous system consists of two cerebral ganglia connected 
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above and below the proboscis sheath and each divided into two 
lobes, a dorsal and ventral. The ventral lobes are continued back- 
wards as the lateral nerve-cords (Fig. 221), which in some cases 
unite posteriorly above the intestine by a supra-anal commissure. 
The dorsal lobe (Fig. 221, G) is partly or completely divided into an 
anterior and posterior lobe. In the armed forms (Fig. 221, L) this 
third lobe is com- 


pletely separated off 
and united with the 
anterior only by 
nerves. This pos- 
terior part of the 
dorsal lobe contains 
in nearly all forms 
an epithelium - lined 
cavity which com- 
municates with the 
exterior by a fine 
ciliated tube. The 
latter opens, in the 
forms with head-slits, 
into the slits, in the 
other forms on the 
side of the head. 
The whole apparatus 
including the brain 
lobe constitutes the 
lateral organs, or as 
it is sometimes called, 
the cerebral organs. 
The central nervous 
system lies in Can- 
nella outside the 
muscular layem ; in 
the Hetermemeiiini 



V 

Fio. 221.— Diagram of the nervous system of Drepanophorus 


Lavkesteri (from Perrier after Hubrecht). C dorsal lobes of 
the cerebral ganglia ; t nerves of the proboscis ; s sensory 
nerves of head ; as stomatogastrio nerves ; L posterior ))art 
of the dorsal lobes of the brain in which are the lateral 
organs ; 0 opening of lateral organ j n peripheral nerves ; 
T lateral nerve-cords ; v, k transverse commissures. 


between the external 


longitudinal and the circular layer; and in the Metanemertini com- 
pletely witliin the muscles. In all, except the Metanemertini^ in 
which the central nervous system gives off nerve-cords, there is a 
complete nerve-sheath of a reticulate nervous substance, occupying 
the same position with regard to the muscles as do the central 
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organs. The lateral nerve-cords are thickenings of this sheath, and 
there is a median dorsal thickening constituting the pro1>oscis nerve. 

In Heteronemertini the central organs are impregnated with 
haemoglobin. As sense organs there are the lateral organs above 
mentioned, the tactile hairs of the ectoderm cells, cephalic eyes 
more or less numerous, and sometimes provided with refractive 

bodies. Exceptionally, as in 
Oerstedia pallida^ two oto- 
lithic vesicles are found on the 
brain. 

The va4icular system consists 
of three longitudinal vcs.s(ds 
with contractile wjdls placed 
just outside the intestinal wall ; 
one of them is straiglit and 
dorso- median, and tlie other 
two are sinuous and lateral. 
They communicate in front and 
behind ; and anteriorly the 
lateral vessels often dissolve 
themselves in a network of 
vascular spaces on the oeso- 
phagus, The longitudinal 
vessels give off lateral branches, 
which no doubt open into a 
system of lacunae in the tissues. 
The blood is usually colourless, 
but in some species it is red. 
In Amphiporus splendens and 
(haemoglobin) is contained in 



Fio. SSI— Lateral oi*gan of Drepanophorvi 
eninui (after BUrger, from Perrier), e ecto- 
derm ; b basement membrane ; v canal of the 
organ ; dg dorsal lobe of cerebral ganglion ; 
IS nerre connecting dg to its posterior lobe ; 
e point of division of the canal into a glan- 
dular tnbe de, which projects back behind 
tlM brain and into a canal C9 which passes 
into the dilatation s in the posterior lobe ; 
CCS epithelium of the sac ; pi pigment. 


Borlasia aplendida, the red colour 
the blood corpuscles. 

The excretory organs consist of two lateral tubes, which lie close 
to the lateral vessel, and open externally by one, or rarely by several 
openings on each side, 'iliey are confined to the anterior region 
at Uie body, usually not extending further back than the oesophagus 
(fore-gut). Those tubes have a glandular ciliated lining, and in some 
forms, possibly in all, give off branches which themselves branch 
and finally end in small swellings, containing a long flame-shaped 
cilium. These flame-cell ends are said to differ from the corre- 
sponding structure in Ttirbellaria by consisting of many cells. As 
already pointed out, this distinction is probably unimportant, 
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depending merely on the size of the organ. The flume cell knobs 
of Nemertines sometimes project into the blood-vessels, but do not 
Dpcn into them. In the forms in which flame-cells have not been 
oliserved, the excretory canals are said. to open int6 the lateral blood- 
vrcsscls. This will probably turn out* to be an error. The animals 
are generally dioecious, and the gonads quite simple, consisting of 
paired sacs regularly placed between the gut caeca, or in some cases 
more numerous than the caeca and irregularly arranged. They open 
by simple openings on the dorso-lateral surface of the body. 

Some genera are viviparous {Pr<mroc1imu$ Claparedii^ TeiroBiemma 
6lf9curum)j but UiOst of them lay eggs in albuminous strings. The 
development is usually direct, but in many Heteronemertini the young 
are hatched as helmet-shaped, free-swimming larvae (Fig. 223), 
known as Pilidium. 



Wu’, (after E. MetsclinikofTX free-swinimiiig larva, b, later atage, helmct- 

atiaiied. E, E' the two iiaira of ectodermal invaginations ; D alimentary canal. 

Tlie Pilidium was formerly described as a species of a supposed 
indeiiendent genus. The eiitoron is formed by the invagination of 
the wall of u hollow blastosphcre ; the blastopore forms the larval 
mouth; at the aboral pole a long flagellum is developed, and a 
broad lobe gixiws out on each side of the mouth, on to the edges 
of wliich the circumoral ciliated band extends. By an elaborate 
niefcimorphosis this larva turns into the young worm. 

Asexual reproduction is unknown, but the power of repair is great. 
In some cases the body readily breaks up into pieces when touched, 
and the pieces have the power of developing the whole. 

TIjc Xemertines live principally in the sea, under stones in the 
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mud, but the smaller species swim freely. There are also foims 
which live on land {Geonemerte8\ fresh -water forms (species of 
Tttrademma)^ and a pelagic form {Pelagonemertes), Certain species 
form tubes and passages which are lined by a slimy secretion. The 
food of the larger species principally consists of tubicoloiis worms, 

which they extract by 
their proboscis. There are, 
however, parasitic (or com- 
mensal) Nemertines, which 
infest Crustacea^ or live on 
the mantle and gills of 
Mollmca, In this case 
they are, like the Uirn- 
dinea^ furnished with a 
posterior sucker {Malacob- 
della). 

Order 1. 

PROTONEMERTINI. 

The cerebral ganglia and 
lateral nerves arc outside the 
dermal muscles, either in the 
ectoderm or beneath tlie dermis. 
The body-wall consists of tlie 
ectoderm, a dermis, an external 
circular and an internal longi- 
tudinal layer of muscles, between which is usually iiiteri>osed a diagonal layer. 
The mouth is behind the brain. There is no caecum. The proboscis is without 
stylets. 

Fam. 1. Carinellidae. The lateral organs have the form of epithelial pits 
or canals, which only exceptionally perforate the dermis and penetrate into 
the brain ; they have no relation to the lateral vessels. There is no dorsal 
vessel. The brain and lateral nerves lie in the epithelium or beneath the 
dermis. The dermis is homogeneous and has a gelatinous appearance. Cariiiclla 
McIntosh. 

Fam. 2. Habrechtidae. The lateral organs are spherical structures which 
lie deep within the body-wall and project into the lateral vessels. Brain and 
lateral nerve-cords lie beneath the dermis, which is reticular. There is a dorsal 
vessel. The excretory organs constitute a richly-branchcd canal - system. 
Huhrechtia Biirger. 

Order 2. MESONEMERTINI. 

The lateral nerves lie in the dermal muscular layer. Body-wall as in Order 1. 
Mouth behind the brain. No caecum. The proboscis is without stylets. 

Fam. 1. Cephalothricidae. The lateral nerves are in the longitudinal 
muscles. Lateral organs, and cephalic slits absent. Carinoma Oudemans; 
Cephalothrix Oei*sted. 



Fia. 224.— Later stage of Pilidiiim, with tuft of cilia 
and enclosed Nemertine (aftt*r O. Biitschli); Oe 
oesophagus ; D alimentary canal ; Am amnion ; 
R rudimentary proboscis of the Neinertino; 6'o 
lateral pit. 
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Order 3. METAKSMEBTIKL 

Brain and lateral nerves lie within the dermal muscles in the body- 
parenchyma. The body-wall is as in previous oixiers. Mouth in front of the 
ganglion. The mouth and the proboscis usually open together. The proboscis 
as a rule has stylets, and there is almost always a caecum given off from the 
anterior end of the intestine, and projecting forwards. 

A. PBOBHYNCHOCOELOMIA. With long and thin body, which coils itself 
in complicated windings. They do not swim. The proboscis is much shorter 
than the body. 

Fam. 1. Eunemertidae. Usually several small eyes. No otocysts. Only 
one stylet. Slow in movement. EtDiemertes Vaillant ; Nemertopsis Biirger. 

Fam. 2. Ototyphlonemertidae. Eyes absent. One, rarely two pairs of 
otocysts, ventral to brain. The body is more cylindrical than flat. The worms 
belonging to this family are small (1-3 cm.). Ototyphloiiemertes Diesing. 

B. HOLOBHTNGHOCOELOHIA. Usually with short body. Some of them 
swim. Tlie proboscis is at least as long as the body. The proboscis sheath 
always readies into the hinder third of the body. 

Fam. 3. Prosorhochmidae. With four eyes. Gut- pouches and gonads 
alternate with one another. The lateral organs are very small, in front of 
tlie brain. Usually hermaphrodite. Prosorhochmus Keferstein ; ProsadenoporuB 
Burger ; Oeonemertes Semper, terrestrial form. 

Fam. 4. Amphiporidae. Body when extended comparatively short and wide. 
Extensile part of proboscis tliick and covered with adhesive papillae. The gonads 
and gut-pouches do not, as a rule, strictly alternate. The gut-pouches are 
branched. There arc almost always numerous eyes. Amphiporus Ehrbg. ; A, 
htctijioreus Johnst. Lives under stones and is distributed from the North Sea 
to the Mediterranean. Drepanophorits Hubrecht. 

Fam. 5. Tetrastemmidae, The body is, as a rule, short (1-3 cm.). There 
are almost always four eyes. The gut-pouches are not branched, and the gonads 
alternate with them. The lateral organs are in front of the brain. For the 
most jiart dioecious. Tetrcistcmmxa Ehrbg.; T, dbscuruvi M. Sch., viviparous; 
Baltic; T, agricola Will. Suhin., terrestrial; T. clepsinoides Dug^, fresh -water. 
North America, probably Euroi)e, e.p., Cherwell at Oxford, T. lacustre Du 
Plessis, Lake of Geneva. Oerstedia Quatref. 

Fam. 6. Nectonemertidae. Deep-sea forms, with short, broad bodies and 
hind end flattened into a fin. They can swim. The mouth and proboscis 
openings are separate. The presence of stylets has not been certainly shown. 
Without eyes. NecUmemertes Verrill ; Hyaloneinei'tes Verrill. 

Fam. 7. Pelagonemertidae. Body leaf-shaped, gelatinous, hyaline. Anterior 
extremity broad and abrupt, i)osterior narrowed to a point. Digestive canal 
with 13 pairs of lateral ramiiications. Integument thin and hyaline, with a 
thin muscular tunic immediately beneath it consisting of external cii*cular and 
internal longitudinal fibres. The viscera and tissues are embedded in the 
hyaline gelatinous matter. Gonads open on the ventral surface. Nerve-cords 
internal to the muscular coats. Free-swimming, pelagic. PelayoMmerUa 
Moseley (Fig. 220)w> 

Fam. 8. Malacobdellidae. Parasitic forms. The body is short and provided 

with a sucker at the hind end. Intestine coiled, without pouches. The 
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proboMsia it unarmed and opena with the mouth. There ia a dorsal retsel^ and 
two lateraL The proboeois-slisath reaches to the aims. llahuoUlella Blainv.i 
ttt the mantle-caTitj of various marine Lamellibranchs. 

Order 4. HXTB10V1MBET19I. 

The lateral nerves are in the dermal muscles ; they lie outside the ciftolar 
muscles. The body-wall consists of ectoderm, dermis, an outer longitmlinal 
layer of muscles (which is not present in the other orders), a circular and an 
internal longitudinal muscular layer. The diagonal muscles, if present, lie 
between the circular and outer longitudinal. The mouth is behind the braim 
There is no caecum. The proboscis is unarmed. 

Fam. 1. Xnpoliidae. There are usually no lateral ccplialio slits. The canal 
of the lateral organ opens either directly to the exterior, or into a shallow 
ventral slit JSupolia Hubrecht ; Polujpsis Joubiii. ; Fcilencinia Quatrefages. 

Fam. 2. Li n t i d ae. Tlie body is more or less flattened. Tliere is a deep 
longitudinal lateral fissure on each side of the liead. A ciliatcyl groove lewis 
from the bottom of the fissnre into the |)Ostenor lobe of the ganglion. The 
nervous tissue is tinged with haemaglobin. Development often by ciliated 
larvae. Lineus Sow. (Fig. 225); L, marinm Mont; L. longmhnus Sim., sea- 
long-worm ; Barlqgia Oken ; Euborlagia Vaill.; Micrura Klirbg.; CerebnUtUus 
Renier ; Langia Hubrecht, the margins of the )>ody slightly frilled. 



FlO. tSt— Kiwar MS^fwio (alter Me Intotli) 



CHAPTER VIL 


Phylum NEMATHELMINTHES. 

The Neniatliclminthes include three orders — the Nematmla^ the 
Nemafomorjiha^ and the Aeanthocephala — which have little else in 
coinmon tliaii the round form of body and the parasitic habit. 

The body is unscgmente<l, rounded, more or less elongated, tubular 
or filiform, and both ends are, as a rule, tapered off. Appendages 
are always wanting, as are, with few exceptions, movable bristles. 
On tlie other liand, special organs for attack and attachment, such as 
teeth and hooks, are not unfrequently present on the anterior end of 
the body : and in some cases small suckers, which serve for attach- 
ment during copulation, may be developed near the liind end. As 
a rule the integument possesses a cuticular layer of relatively 
considemble tliickncss, and the cctodeim is very generally reduced 
to a nucleated granular layer, in which cell outlines are absent. 
Tlicse features of tlie skin are probably correlated with the endo- 
parasitic habit, for we find tlicm in the Treviatoda^ and the ectoderm 
of tlie Cestoda is, to say tlic least of it, much modified. In these 
latter grouj)s the ectoderm is even less conspicuous than in the 
Nemathelvimilm, There is a well-developed muscular layer, which 
generally consists of longitudinal fibres only, but circular fibres are 
also present in tlie Aeanthocephala, A hodij-camUj is always present, 
but it appeal’s gcnci’ally to bo without an epithelial lining, and in 
Neniafoda, at least, is bounded on one side by the endodermal wall 
of the alimentary canal. As to the nature of this Ixaly-cavity we 
have little evidence except in the Aeanthocephala^ in which, from 
its relation to the genemtive organs and duct in the female we may 
infer it to be a coelom. It contains a vascular fluid, and in the 
other orders it is probably a haemocoele. Blood vessels and 
special respiratory m^yans are wanting. A nervous system is always 
pi’esent, but it presents very different features in the three orders. 
Of sense oryans there are often sensory papillae in the neighbourhood 
of the mouth and genital openings, and eye spots are often present 

» 
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in the frce-living foniis. While in the Acanthocepliala mouth and 
alimeniai'y canal arc completely absent, the Nematoda and Nematch 
morpha possess a mouth at the anterior end of the body, an 
oesophagus, and a straight digestive canal, which usually opens by 
the anus on the ventral surface near the hind end of the body. 
The excretory organa have various forms, and their nature is not 
understood : there are no flame<cells. In the Nemaloda they consist 
of paired canals in the ectoderm, which open by a common pore on 
the same surface (ventral) as the anus. In the Acanthocepliala there 
is a pair of organs which appear to be of the nature of nephridia. 
The absence of cilia may be stated as a general characteristic of the 
group ; but they are said to be present in the supposed nephridia of 
the Aeanihocephala. 

With a few exceptions the Nemathdminfhes have separated sexes, 
and the male organs often open into the rectum and are provided 
with copulatory spicuhu The larvae and sexual animals are not 
unfrequently distributed in two different hosts. 

The majority of the Nemalhelminthes are parasites either during 
the whole period of their life or at certain stages. There are, 
however, also free -living forms which often show the closest 
relationship to the parasitic members of the group. 

Class I. KBMATODA (THBSAD-WOBHS) « 

NemaJthdminthea^ tviih mouth and alimentary canal With longi- 
tvdinal muades only, toith lateral lines, without dlia. The vas deferens 
opens into the rectum. They are principally parasites. Dioecious. 

The Nematodes possess an extremely elongated thread-like body, 
which may be provided with papillae at the anterior pole in the 
region of the mouth, or with hooks and spines within the oral 
cavity. The mouth leads into a narrow oesophagus, which usually 
has thick muscular walls, a chitinous lining, and a triangular lumen, 

* Besides the older writings of Rudolpbi, Bremser, Cloquet, Dujardin, 
compare Diesing, ** SysUma Mminthum,** 2 Bde. Wien, 1860-51. Diesing, 
** Revision der Nematoden,** Wiener SitmngdferichU, 42, 1860. Clapar6de,“i>« 
la formation etdela ficondation des cevfs ehez les vers Nematodes,^* Geneve, 1856. 
A. Schneider, ** Monographie der Nemaioden^^* Berlin, 1866. R. Lenckart, 
^^UnUrsuchungen ilher Trichina spiralis^"* Leipzig and Heidelberg, 1866, 2iid 
edition; also Die menschlichen ParasUen^** etc., tom. 2., Leipzig and 
Heidelberg, 1876. C. Claus, *^Ueber Leptodera appendiculata^^^ Marburg, 1868. 
O. Btttschli, “ Untersuchungen Uber die beiden Nematoden der Periplaiieta 
orientalis,” Zeitzschr. Jilr tViss, Zool, tom. 21., 1871. And “ Beitrage zur 
Kenntniss des Nervensystems der Nematoden,” Archiv, fur Mikr. Anatomic*, 
tom. 10. A. Goette, '^[Inters, z. Eniwick, d. JVilrmer," Leipzig, 1882. R. 
Leuekart, *^Ne%u Beitriige z. Kent. d. Bauu. d. Lehensgeschichte d. Nematode u . 
Leipzig. 18.87. A. E. Shipley, **Nematbelmintbes/’ Cambridge Natural History^ 
v^ 2, May, 1896. 
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and IS frequ^antly dilated behind to a muscular bulb (pharynx), 
certain genera {tfhabditis^ Oxyuris), the 
chitinous lining, ot the pharynx is raised 
into ridges or tooth-like prominences, to 
wliich the radial muscles converge in the 
form of conical bundles. According to 
its function, the oesophagus is essentially 
a suctorial tube, which pumps in fluids, 
and by peristaltic action passes them on 
to the intestin^. The intestine follows 
the pharynx, and opens by the anus not 
far from the hind end ^f the body on 
the ventral surface (Fig. 226). Its walls 
are formed of cells and are non-muscular, 
and are coated with cuticle both inside 
and <jutside ; it may be reduced to a row 
of perforated cells {Filaria). The ter- 
minal portion, or rectum, has a vspecial 
investment of muscular fibres which 
render it contractile. Muscular fibres 
passing from the body-wall to the wall 
of the rectum are also frequently present. 

In certain Nematodes the anus may be 
wanting {Mermis)\ and in some genera 
(see p. 290) even the alimentary canal 
undergoes degeneration. 

Beneath the stiff cuticle, which is often 
transversely ringed and is composed of 
several layers, lies a soft gmnular nu- 
cleated sub-cuticular layer {hypodennis)^ 
which is without cell limits and is to be 
regarded as the matrix of the former. 

Beneath this lies the highly -developed 
muscular layer, which consists of band- 
shaped or fusiform longitudinal muscles. 

The surface of the body may present 
markings, as for instance polyhedric spaces and longitudinal ribs, 
also processes in the form of tubercles, spines,* and hairs^ 



Fig. 229. — Oxywi$ vermicHfuris 
(after R. Leuckmrt). it, female ; 
0 month; A auus; V genital 
opening, b, male with curved 
posterior end. e, the latter en- 
larged ; Sp spieulum. d, egg with 
enclosed embryo. 


* There may also be prominences of various kinds, and even in some cases a 
complete coverina of spines IC/uiracanihus Dies, ss OruUhoBknna Ow., CA. 
hispidum Fedsobrj. 
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♦.tf., sheddings of the cuticular layer, seem only to occur in the young 
forms. The muscles are each composed of a single cell, in which 
two parts are distinguishable, — a clear, sometimes a granular proto- 
plasmic portion (medullary substance), which projects into the 
body-cavity and is often prolonged into processes ; and an external 
fibnllated layer (Fig. 227). 

lire Nematodes may be distinguished as Meromyaria or Poly- 


myaria^ according to the arrangement of their muscular system. 
In the Mermnyana the number of muscle-cells (which are arranged 
according to definite laws) in the cross section is 
small (eight), while in the Polymyaria their number 
is considerable. In the latter the muscle-cells arc 
often connected together by transverse processes of 
the medullary substance, which unite on the so-called 
median lines to form a longitudinal cord. 

In almost every case two lateral regions remain 
free from muscles, and fonn the so-called lateral 
lines or regions^ which may equal in breadth the 
neighbouring muscular regions. These lateral regions 
are internal projections of the hypodermis, and are 
formed of a finely granular nucleated substance, and 
enclose a clear vessel containing granules. This 
vessel is connected with that of the opposite side 
in the anterior part of the body, and the two open 
by a common transverse slit, the excretory yore^ on 
the ventral surface in the median line. The lateral 
lines are regarded as the excretory organs* Median 
lines {doi'sal and ventral)^ accessory median lines 
(sub-median lines), the latter being placed between 
the principal median line and the lateral line, are 
also to be distinguished. Cutaneous glands, in the fonn of uni- 
cellular glands, have been observed principally in the region of the 
oesophagus and in tlie tail. 

The nervous system, owing to the diflSculty w^hich its investigation 
otfers, has only been satisfactorily recognized in a few forms. It 
consists of a nerve ring (Fig. 228) surrounding the oesophagus, near 
the anterior end of the body, in Asc. megalocepltala just in front of 


Pia. 227.— Muscle- 
cell of a Nemg- 
iode. 


* Hamann (Sitz. Ber. Akad. Berlin, 1891, p. 67) asserts that in Lecanocfi2)halu8, 
in which the right canal only is present, the excretory canal is coiled, and ends 
posteriorly in a small ojMjning into the body-cavity. This statement needs 
confirmation. 
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the excretory pore, and sending off posteriorly six and anteriorly six 
nerve trunks {Ascaria niegaloeephala). The two lai’gest i)osterior 
trunks run in the doi'sal and ventral lines (A^. dorscdia^ ventraluf), 
the four smaller, two in each lateral line, to the extremity of the 
tail ; while of the six anterior nerves, two run in the lateral lines 
{N, latercdes)y and four in the interspaces between the lateral and 
median lines (iV. mhinediani) ; they supply 
the papillae around the mouth. The gan- 
glion cells lie jiarily near, in front of and 
behind the nerve ring, ])artly on the fibrous 
cords themselves, and are arranged in groups 
whicli can be distinguished as ventral, dorsal, 
and lateral ganglia. Hierc are in addition 
groups of ganglion cells in the median lines 
and in the lateral lines in the caudal I'egion/' 

As sense organs we must mention the 
eyes found in the free-living Nematoda^ and 
the papillae and tactile haiis found princi- 
pally in the neighbourhood of the mouth. 

Each papilla is supplied by one nerve fibre, 
which is swollen to a knob and forms the 
axis of the papilla. / 

The body -cavity is a continuous space 
between the longitudinal muscles of the 
body- wall and the outer cuticle of the gut- 
wall ; it contains a corpusculated and colour- 
less fluid. The homology of the cavity is 
doubtful ; it occults between the muscles and 
the endoderm, and it has no relation to the 
gonads or excretory organs. There is no vas* 
cular system. 

O^fterative organs. The Nematodes are 
dioecious (with exception of the hermaphro- 
dite relodytesj and of Ithabdonema {Ascaria) 
niyrovenosum and Allantonema mirahile^ 
which produce first spermatozoa and later 

ova). The males are characterised by their smaller size, and by 
the posterior end of the body being generally curved. Both kinds 
of generative organs consist of a single tube or of paired and 
often much coiled tubes, at the upper end of which the generative 
piodiicts arc developed, the lower ends I'epi'esenting the efferent ducts 



Fio. 22S.~-Nervous system of 
Kematodes, diagranniiatic 
after BUtschli. C lateial 
ganglion on the nerve ring ; 
S anterior lateral nerve; 
Sm subinedian nerve ; SI 
sublateral nerve ; Zla ven- 
tral nerve ; Rn dorsal 
nerve ; Ag anal ganglion ; 
A anus. 



278 


NBMATHSUfINTHSS. 


and receptacula of the generative products. The usually paired 
ovarian tubes are distinguishable into the following regions: the 
ovary where the eggs are developed ; the oviduct along which they 
pass to reach the uterus^ a more dilated region where they are 
fertilised and often pass through a part or the whole (viviparous 
forras) of their development ; the two uteruses lead into the single 
vagina^ which opens to the exterior on the ventral surface somewhat 
in the anterior region of the body or near the middle, rarely near 
the hind end. The male genemtive apparatus, which contains 
amoeboid spermatozoa without flagellum or vibratile appendage, is 
almost invariably represented by an unpaired tube, and usually 
opens on the ventral surface near the posterior end of the body in 
a common opening with the intestine. As a rule, the common 
cloacal portion contains two pointed chitinous rods, the so-called 
sptcttZa, in a pouch-like invagination. These spicula can be pro- 
truded and retracted by a special muscular apparatus, and serve to 
fasten the male body to the female during copulation. In many 
cases {Strongylidae) an umbrella-like bursa is added, or the terminal 
portion of the cloaca can be protruded like a penis {Trichina) ; in 
such cases the cloacal aperture lies almost at the extreme end but is 
stiU ventral {Acrophcdli). In the male, papillae are almost always 
present in the region of the posterior end of the body, and their 
number and arrangement afibrd important specific characters. The 
upper ends of the generative organs in both sexes (ovary and testis) 
consist of a multinucleated cord in which cell limits are not dis- 
cernible; lower down cell limits become discernible, but all the 
cells are attached by a stalk to a central protoplasmic coiri — the 
rachis. In the oviduct and vas deferens the germ cells (progametes) 
become entirely free and lie loose in the cavity of the duct, and 
divide into the definite genital cells or gametes (ova or spermatozoa). 

Development. The Nematoda for the most part lay eggs; it is 
only in rare cases that they bear living young. The eggs usually 
possess a hard shell and may be laid at different stages of the 
embryonic development or before it has begun. In the viviparous 
Nematodes the eggs lose their delicate membranes in the uterus of 
the mother {Trichina^ Filaria). Fertilization takes place by the 
entry of a spermatozoon into the ovum, which is still without a 
membrane. The segmentation is equal, and leads to the formation 
of a kind of invaginate gastrula, from the two cell-layers of which 
are developed the body-wall and the alimentary canal. The embryo 
gradually assumes an elongated cylindrical form, and comes to lie 
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rolled up in several coils within the shell. The excretory pore and 
the rudiments of generative organs, as well as a nerve ring, are 
present in the embryo, which is also provided with mouth and 
anus. The free development is a metamorphosis, usually compli- 
cated by the circumstance that it is not undergone in the habitat 
of the mother. The young stages or larvae, probably of most 
Nematodes, have a different habitat to that of the sexually adult 
animal, being contained in different organs of the same or even 
of different hosts. The larvae live for the most part in parenchy- 
matous organs, cither free or encysted in a connective tissue capsule; 
the adults, on the contrary, live principally in the alimentary canal. 

The embryo is almost invariably characterised by the special form 
of the oral and caudal extremities, but sometimes also by the 
possession of a borin^^ tooth. Sooner or later the skin is shed, and 
tlio animal entci*s its second 


stage, wliicli may often still l)c 
considered as a larval stage ; 
rciKjntcd cctlyses precede the 
sexually adult stage. 

The post-embryonic develop- 
ment of the Nematodes presents 
numerous modifications. In the 
simplest cases the embryo, while 
still enveloped in the egg mem- 
branes, is transported passively fio. 
in the food {Oxyuris vennicularis encyttea (after K. Leuckirt) 

and Trichocephalua), In many 

Ascaridae the embryos, which are provided with a boring tooth, 
first make their way into an intermediate host, by which they are 
transported into the intestine of the second host with the food or 
water. 



More frequently the young forms encyst within the intermediate 
host, and, enclosed in the cyst, are transferred into the stomach 
and intestine of the permanent host (Fig. 229). For example, the 
embryos of Spiroptera ohtuaa of the mouse, while still in the egg 
membranes, arc token with the food by the meal-worm, in the body 
cavity of which they encyst. In the viviimrous Trichina spit alts 
there is a modification of this mode of development, inasmuch as 
the migration of the embryos and their development, to the stage 
found encysted in the muscles (muscle-trichina), takes place in the 
same animal ^^hich contains the sexually mature intestinal Trichinas. 
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The development of the Nematode larvae often makes a consider- 
able advance within the intermediate host into which they have 
migrated. Thus, for instance, in CuvuUamis elegans^ tlic embryos 
migrate into the Cyclops^ and in the l)o<ly cavity of these small 
Crustacea undergo two eedyses and essential alterations of form, 
obtaining at this early stage the characteristic oral cajisiilc of the 
sexually adult stage, to which they only develop in the intestine 
of the perch. According to Fedschenko,* a similar mode of develop- 
ment occurs in Filana imdinensis. The embryos pass into pxiddles 
of water, and migrate thence into the body cavity of the Cydopidae ; 
and after casting their skin assume a form which, except for the 
absence of the oral capsule, resembles that of the larva of Curullanus. 
After the expiration of two weeks there is another cedysis, with 
which is connected the loss of the long tail. The later history is 
unknown. It has not yet been discovered whether the migration 
of the Filarian larva into the i)cnnanent host (man, see p. 289) takes 
place within the body of (ihe Cyclops, or independently after copulat- 
ing in the free state. 

The embryos of some Nematoda develop in damp muddy earth, 
after casting their skin, to small so-called Rhahditis forms with a 
double enlargement of the oesophagus, and with a pharyngeal ai:m- 
ature. They lead an independent life in this habitat, and finally 
migrate to lead a parasitic life within the permanent host, where, 
after several eedyses and alterations of form, they attain the sexually 
mature condition. This mode of development occurs in Dodimim 
trigonocephedm from the intestine of the dog, and very probably 
in the nearly allied {Ancijlostoinum) duodenalis of man, and also 
in Sclerostomum. 

The offspring of parasitic Nematodes may, however, attain sebcual 
maturity in damp earth, as free Rhahditis forms, and represent a 
special generation of forms whose offspring again migrate and become 
parasites. Such a life-history is a case of heterogamy# It occurs 
in Rhabdonema nigrovemsum^ a parasite in the lungs of Batrachians. 
These parasites, which are about half to three-quarters of an inch 
long, all have the structure of females, but contain spermatozoa, 
which are produced (as in the viviparous Pelodytes) in the same tubes 
as, but earlier than the ova. They are viviparous. The embryos 
make their way into tae intestine of their host, and accumulate in 

* Compare Fedschenko, "Ueber den Bau imd Entwicklung der FiUria 
medinensuL** in the JBeriehten der Freu'tide der Naturwimnsekafien in 

kora. 8 and 10, 
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the rectum, Imt finally jiass to the c*x.terior in the faeces, and so 
rojicli the (lamp earth or muddy water, M'h(*re they develo}> in a short 
time into tlic JHiahtlilMlko forms, which liavc separate sexes and 
arc harely 1 mm. in length (Fig. 230, a and b). The impregnated 
huiiales of the latter [produce only from two to four mbryos, wliich 
becouKi fre(‘, inside the l)0(ly of the motlun*, pjiss into her body cavity, 
and tliere feed (»n her organs, which disintegrate to form a granular 
detritus. Th(3y linally migrate as slender, already tolerably large 



Fio. 3?30.— fl, IViahilunma (Axaris) 7iigrovenmm, about 3’5 uim. in length, in the ■•>tage of 
maturity of the male proilucts ; (! geniUl glands ; 0 moutli ; D intestine ; A anus ; N nerve- 
ring ; Drz glandular cells ; Z isolated .spermatozoa. 1), male and female Rhahditia forma from 
about 1 ‘5 min. to 2 inm. long ; Ov ovary; T testis ; V female genital opening; Sp .spicula. 

Nematodes into the lungs of tlio Batracliia^ passing through the 
buccal cavity and glottis. A similar alternation of parasitic forms 
with free-living Rhalxlitis generations is presented by Rhdbdonma 
Hlmiffyloides {A7iguillula stercoralu), parasitic in man (p. 290), and 
by Bradipiema mirabile (this is probably the real explanation of 
Zur Strasse’s observation, see p. 290). Rhabdonema (L^todera) 
appendtculaiaf which lives in the slug Avion empiricorum^ also 
jircsents in its development a like alternation of heteromorphio 
generations, which, however, are not strictly alternating, inasmuch 
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as numerous generations of th6 free Rhahditis form may succeed 
one another, before there is a return to the parasitic condition. The 
Rhahdonema appendiculata is also peculiar, in that the form parasitic 
in the slug is a larva characterized by tlie absence of a moutli 
and by the possession of two long band-shaped caudal appendages ) 
it quickly attains maturity, but only after a migration into damp 
earth and after losing the caudal appendages and casting tlic skin. 

The Nematoda feed on organic juices, some of them also on blood, 
and arc enabled by their armed mouth to inflict wounds and to gnaw 
tissues. They move by bending their body with a rapid umlulatory 
movement towards the ventral and dorsal surfaces. Although most 
Nematoda are parasitic, they usually lead an independent life in 
certain stages of their life-history. Numerous small Nematoda 
{Anguillvlida^y Enoplidae), however, are never parasitic, but liv(i 
freely in fresh and salt water, and in the earth. Some Nematodes 
are parasitic in plants, e.f/., Anguillula trilici^ dipsad^ etc., and may 
even produce gall-like deformities {Tylenchus)^ others live in'dccaying 
vegetable matter, e.f/., the vinegar worm in fermenting vinegar and 
paste. In many cases the migi*atiou of the parasite is a coiidition 
necessary to the attainment of sexual maturity, e.r/., in Mermis^ where 
sexual organs are not developed till the worm leaves its host and 
becomes free in damp earth, in which copulation of the sexes is 
effected. Finally there arc certain small Nematodes the females of 
which alone are parasitic. These, after copulation in the free state 
with the small males, migrate into insects, and under the favourable 
conditions of parasitism not only increase enormously in size, but also 
undergo structural modifications favourable for the production of a 
large number of embryos. In Attractonewa gihhomm and in Sjdtac- 
ndaria homhi^ the remarkable parasite of the humble-bee, the females, 
after copulating in the free state, migrate, the foimer into the larva 
of the gall-fly Cecidomyia piniy the latter into the queen-bees, which 
live through the winter. Here the gut degenerates, and a kind of 
hernia of the body-wall, containing the generative organs, is formed, 
while the body of the worm shrinks to a small appendage (Fig. 231). 
The eggs develop in the body of the insect into larvae, which jiass 
out of the body, become free, and, either after a few days {Attract- 
onetna) or after some months {SpliaerulaHa)^ become sexually 
mature. 

The po\ver possessed by small Nematodes of resisting the effects 
of prolonged desiccation and of coming to life again (so to speak) 
on being moistened is remarkable. 
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Fam. 1, Aioaridae. Body tolerably stout. Mouth with three lips furnished 
with papillae, one of which is dorsal, while the other two meet together in the 
ventral line. Buccal cavity rarely furnished with pieces of cliitin. Posterior 
portion of oesophagus often forming a distinct pharyngeal bulb. Posterior 
end of male ventrally curved, and usually furnished with two horny spicula. 
Parasitic in the alimentary canal of animals. 
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Fio 231.- a, male f> 2 >haeivlaria in Its larval sVin (Ic) x about 75. b, female with partially 
prutriiUed vagina c, tl»e .same with still more developed uterine outgrowth S. d, uterine 
outgrowth fully formed, containing ovary, oviduct, and uterus x 10; W the relatively minute 
body of the worm. 


A scans L. Polyniyarian, edges of lips dentated in the larger species. 
Pharyngeal bulb not distinct ; bind end usually short and conical, and in the 
male always provided with two spicula (Fig 232) ; in Fertehruta. A, luitihricoidcs^ 



284 


NE^fATHELMINTHES. 


Cloquet, the human round worm, 4 to 14 in. in lengtli, a smaller variety in the 
pig (A. suilla Duj.). The eggs |)ass out into water or damp earth, and remain 
there far same manths, until the embryonic development is completed. They 
are praha])ly intraduced direct into the alimentary canal of their host (Grass! 
and Ebstein). The smallest wonii found in the human intestine is 3 mm. 
in length. A. ine§iLUccp}iala Cloq., horse and ox, may attain a length of 
17 inches. A, mystax Zed,, dog and cat, sometimes man. There is a large 
number of species found in all classes of Vertebrates. 

Helerakis Duj. Polymyarian, hind end of male with a preanal sucker and 
two lateral thickenings, spicules unequal, intestine of Vertebrates. 

Oxyuris Rud. Meromyarian ; pharyngeal bulb with teeth, hind end of female 
thin and pointed, male with one spicnlum, in Vertebrates and Insects (cockroach 
and beetles) ; 0, vcrmiciihinfi L., large intestine of man, introduced directly as 
eggs; 0, curvula, caecum of horse; Ncmaloxys Schn., in Amphibia; Oxyao^ia 
Schn. ; Isakis Lespes, Arthropods and terrestrial Mollu.scs ; jMbidiirus Schn.; 
AspidocephaliLs Dies.; Hdcrorheilns Dies.; Peritrarhelins Dies. 



P 


Pig. 282.*— Aacaris lumbriewdes (aftt-r I.cackart). a, hind end of male with the two spiciila; 
h, anterior end from tlie dorsal .side, showing the dorsal lip with its two papillae; r, the 
same from the ventral side with the two latenil ventral lip.s and the excretory i)ore (P); 
d, egg with the external membrane formed of small clear spherules. 

Fam. 2, Strongylidae. The male genital oi)cning is at the posterior end of 
the body, at the bottom of a bell-shaped bursa, the margin of which carries a 
variable number of papillae; no pharyngeal bulb. Eiistrongyhis Dies., poly- 
myariau, with six oral papillae and a row of paj>illae on cither lateral line. 
The bursa is bell-shaped and completely closed, with regular muscular walls and 
numerous marginal papillae. Tliere is only one 8]»iculum. The female genibil 
opening is far forward. The larvae live encysted in fishes {Filaria cystica 
from SymhrancEm), E. gigas Rud., the body of the female is three feet wi 
length, and only twelve mm, thick. It lives singly in the pelvis of the kidney 
of the seal and otter, etc., and very rarely in man ; got by eating raw fish. 

Strongybts Rud. With six oral papillae and small mouth. Two conical 
cervical papillae upon the lateral lines. The posterior end of the male has 
an umbrella-like incompletely closed bursa. Two equal spicula, usually with 
unpaired supporting organ. The female sexual opening is sometimes approached 
to the posterior end of the body. They live for the most part in the lungs 
and bronchial tubes. The larvae live in damp earth, and probably pass into 
the host directly in the food. St. loiujcmginatus Dies. Body 26 mm. long, 
5 to 7 mm. thick. The female sexual opening lies directly in front of the 
anus, and leads into a simple ovarian tube. Only once fimnd in the lung 
of a six-year old boy, in Klauscnburg. St, paradoxus Meblis, in the bronchial 
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tubes of tlie pifij. SL fdaria Itiul., in the bronchial (iibcs of ilio sheep. St, 
couvnmtatm Dies., in tlio trachea and bronchial tubes of the hare and rabbit 
St. aurimhtrU Kud., in the small iutcsiino of Bairachia. Si. micrxvnja in 
aneurisms on the arteries of tlic ox. 

Dochmius Dnj. With whic mouth and horny oral cajisulc, the edge of wliich 
is stiongly toothed. Two vcntrally placed teeth project at the bottom of the 
oral capsule, while on the dorsal wall a conical spine projects obliquely forwards. 
7>. r/nw/rn/i/w Dub. (Anculostovmm duodenale Dub.), 10 to 18 mm. long, in the 
small intestine of man, discovered in Italy (Fig. 233) ; very widely distributed 
in the countries of the Nile (Bilharz and Gricsinger), 

By aid of its strongly aimed mouth it wounds the 
intestinal mucous membrane, and sucks the blood 
from the vcsscils. The frequent haemorrhages oc«i- 
sioiicd by these Dochmii arc the cause of the illness 
known by the name of Egyptian chlorosis. It has 
lately bc(ui ostablislicd that this worm Occurs in 
Brazil, and that, like D. tritjonocqihalus, it develops 
in pinhllesof water (Wuchcrer). D, trigovoo'phaliis 
liud., in the dog. Sclcroatamnm llud. With char- 
acteis of Doclimius, but witli a ditferont oral 
capsule, into which two long glanular sacs open. 

Sc. cqubium l^w], ^ armnium Dios. In the intes- 
tine and the mesenteric arteries of the horse. 

Lives freely in JUiabdUis form. Bollinger* has 
shown that the phenomena of colic in the horse 
may bo referred to embolic processes proceeding 
from aneurism of the intestinal artery. Each 
aneurism conbiins about nine W'orms. Sc. tetra- 
ainthum Mchlis, also in the intestine of the horse. 

The embryos, after migrating into the intestine, 
become encysted in the walls of the rectum and 
caecum, assume within the cyst their detinite form, 
bleak Out fi’om the cyst, and escape again into the 
intestine. Pmidalius Duj.; Fhysahptera Rud.; 

Ciicullanus Mull.; C. elegans Zed., in the perch, 
buccal capsule well developed ; vivijiarOus, the 
young pass into water and cuter Cyclops. 

Olallamis Lkt.; 0. tricuspU Lkt., in the cat, 
sexless young encysted in the mouse. Syngaimcs 
Siebold ; S. trachcalis Siob., in trachea and bronchi 
of [loul try— cause of gapes, the male is jiermauently 

attached to the female by the application of the bursa to the female opening. 
The, eggs hatch on the ground or in water. No second host, though the 
embryos may be oaten by earthworms and remain alive in their alimentary 
canal. 

Fam. 3. Triehotraohelidae, with long, thin anterior portion of the body. 
Mouth small, without papillae. Oesophagus very long, traversing a peculiar 
cord of cells. 

Trichoceidiahis Goeze. Anterior part (Fig. 234) of the body elongated and 

* Bollinger, *^Dio Kolik der Pferde und das Wurmaneuryema der Etnge- 

weidearterien,** Munclien, 1870. 



Fio. 23S.— DocAmiiw duodtnaiU 
(aUer R. LeuckartX a, male; 
0 mouth ; B bursa, b, female ; 
0 mouth; Aauua; K vulva. 
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whip shaped : posterior part cylindrical and sharply distinct, enclosing the 
generative organs, ciirve(l in the male. Lateral linos absent. IM.iiii median 
lines present. The penis is slender and furnished with a sheath, which is turned 
inside out when the former is protrmled. The haribshellcd, lemon-shaped eggs 
undergo the first part of their development in water, without intermediate host. 
Tr, dispar Rud. In the human colon : these worms do not live free in the 
intestine, but bury their filiform anterior extremity in the mucous membrane 
(Fig. 234). The eggs pass out of the host with the faeces, as yet without a sign 
of beginning development, which only takes place after a prolonged sojourn in 
the water or in a damp place. According to the experiments of Leuckart, 
performed with Tr, affinis of the sheep and Tr, crenatas of the pig, embryos 
with the egg membranes, if introduced into the intestine, develop into the adult 
Trichocephalm ; and we may therefore conclude that the human Tr. dis^mr is 

introduced directly, and wiih- 

♦ y out an intermediate host, either 

\ drinking water or in 

\ uncleaned food. The young 

\ Iffif W hair-like, 

\ IblI ffl resembles a Trirhiufff and 

1 ^^1 f only gradually actpiires the 

h I considerable thickness of the 

hind end of the body. 

® H Trichosoimim Rud. B<Mly 

B I hair-like, but tlic pos- 

1® neons fold and a simple penis 

(spiculum) and sheath. Tr, 

JB muris Creplin., in the largo 

intestine of the liouse-mouse. 

« T 1 Tr. crttssianulff. l>i‘llingh., in 

Fio. 2Z4,^Triclioceplialns dxspar (after R. LeneVart). i 

(7, egg. 2>, female, c, male with the anterior i)art of the bladder of the rat. 

body buried in the mucous membrane ; Sp spiculum. Aecordhig to Leuckart, the 

dwarfiMl male lives in the 

uterus of the female, and there are usually two or three, more rarely four or 

five males in a single female. There is also a second specic.s of Trichosonmm 

found in the bladder of the rat, Tr, Hchmidlii v. Liust., the larger male of 

which was formerly taken for that of Tr, crassicauda. 

Trichina Ovien,^ Body thin, hair-like. Principal median lines and lateral 

lines are present. The female generative opening well forward. The hind end 

of the body without spicule ; with two small conical papillae, between which 

the cloaca projects. 

Tr, spiralis Owen, in the alimentary canal of man and nu'merous, principally 
carnivorous, mammalia; hardly tw^o lines in length. The vivijwirous females 
begin to bring forth embryos about eiglit days after their entrance into the 
alimentary canal. These embryos traverse the intestinal walls and body cavity 
of the host, and migrate, partly by their own movements in the bundles of 

* Compare the writings of R. Leuckart, Zenker, R. Virchow, Pagenstecher, etc. 


Fio. 2S4,^TTichocepliahis dispar (after R. Leuckart). 

^ female, c, male with the anterior jwrt of the 
body buried in the mucous membrane ; Sp spiculuin. 
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connective tissue, partly witli the aid of the currents of blood, into the striped 
imiscles of the body. They pierce the sarcolemma and penetrate into the 



Fir,. 235,— TritAliia fpimVis a, mature female Trichina from the alimentary canal ; G genital 
opening ; E eipbryos ; Or ovary, h, male ; T testis, c, embryo, d, embryo which has migrated 
into a muscle fibre, already considerably enlarged, e, the same developed into a coiled Muscle 
Trichina, and encysted. 
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primitive Imndles, the suKstauce of which jile^eiieratcs, the ileffcnoration hoiii^ 
a(!(N)inpauic(i hy an active inultiplicatioii of the nuclei. In a space of fonrloen 
‘lays they develop, within a sac-like swelling of the inusclc libres, into s]>irully 
coiled worms, around which and within the sarcolcinina and its connective 
tissue investment a clear lemon 8hai)ed capsule is excreted from the dogcuierated 
muscle substance. The young Muscle -Trichina can remain living for years 
within this capsule, which at first very delicate, gradually becomes thickened 



Fio. 2d6.—Filaria meditunsis (aflor Bastian nml 
liCuckart). a, anterior end seen from the oral 
surface ; 0 month ; P i>apilla. Ij, progimnt 
fcinalo (size reduced more than lialf). c, 
embryos strongly magniflod. 


and hard by the formation of 
other laycm and by the giadual 
deposition of calcareous matter. 
If the encysted animal is trans- 
ferred into the intestincj of some 
warm-blooded animal in the llesli 
of its first host, it is freed from 
its cyst by the action of the gas- 
tric juice, and tlic rudinientaiy 
generative organs, which arc 
alioady tolerably far developid, 
quickly attain maturity. In from 
three to four days after their 
introduction the asexual Muschi- 
Trichinas become sexual Tj iclnnas. 
Tlieso copulate and produce a 
brood of embryos which migrate 
into the tissues of the host (one 
female may produce as many as 
1000 embryos) (Fig. 235). The 
house rat is especially to ho n»en- 
tioiKMl as tlie natural host of the 
Trichina. This animal docs not 
hesitate to eat the carcase of its 
<)wn species, and so the Trichina 
infection is passed on from genera- 
tion in generation. Carcases in- 
fected with Trichinas arc sometimes 
eaten by the omnivorous jiig, in 
whose llcsh the encysted Trichinas 
arc introduced into the intestine 
of man, and occiision the well- 
known disease. Trichinosis, which 
when the migration takes place 
in numbers, often has a fatal 
re.sult. 


Fam. 4. Filariidae. Body filiform, elongated, often with six oral j)aiullae, 
sometimes with a horny oral capsule, with four pracanal pairs of papillae, to 
which an unpaired papilla may be added, wdth two unequal spicula or with 
simple spicuium. 


Filaria 0. Fr. Mull. (Fig. 230). With small mouth and narrow oesophagus. 
This genus, which is sometimes destitute of papillae, lives outside the viscera, 
usually in connective tissue, frequently beneath the skin, and is divi<led by 
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Diesiiig into numerous genera. F, {Draciinculus) viediticnsis* Gmel. the Guinea 
worm, in the subcutaneous cellular tissue of man in the Tropics of the Old World, 
reaches a length of two feet or more. The head is provided with two small 
and two larger papillae. Alimentary canal degenerate. The female is vivipa- 
rous, and without sexual opening. The male form is unknown. Tlie worm 
lives in the connective tissue between the muscles and beneath the skin, and 
after reaching sexual maturity, occasions the formation of an abscess, with the 
contents of which the embryos escape to the exterior (jb^ig. 236), It has lately 
lieen proved (Fedschenko) that the embryos of Filaria migrate into a Cyclops 
and there undergo an eedysis. Whether they arc tlien (in the body of the 
Cyclops) introduced into man in his drinking water, or whether they first escape 
and copulate in a free state, is not known. F. immitis lives in the right 
ventricle of the dog, and is very abundant in East Asia. It is viviparous. 
The embryos pass directly into the blood, where, however, they do not undergo 
their further development. Similar immature Filariae are also found in the 
blood of man in the Tropics of the New and Old Worlds, and have been 
described as F» santjuinis hoininis noctitnia^ tlie sexual form living in the 
lymphatic glands as F, Bancrofti Cobb. The intermediate host is probably the 
mosquito, on the death of which the larvae make their way into the water in 
which they, presumably, enter the alimentary canal of man. It is supposed 
that they make their way from the alimentary canal, by active migration, to 
the lymphatics where they mature and pair t The larvae enter the blood and 
probably escape by means of abscesses, etc., and by the kidneys, since they are 
also found in the urine ; their appearance seems to have an aetiological con- 
nection with chyluria and elephantiasis. F» sanguinis hominis noctuma is 
l>eriodic, appearing only in the blood at night* Two other varieties of Filaria 
are also found in the human blood, viz. diurrui which ap^^rs in the day, and 
jierstans, Filaria ])€rstans is supposed to hjve a connection with the sleeping 
sickness of negroes. The sexual forms of F, dixtma and perstans are unknown. 
In the East Indies, young Filaria also live in the blood of the street dog, and 
■would .seem to be related to the brood of Filaria sanguinolenta^ since, according 
lo Lewis, knotty swellings on the aorta and oesophagus are invariably found 
with these Filaria, F, papillosa Rud. in the peritoneum of the horse. F, loa 
Guyot., in the conjunctiva of negroes on the Congo. F, labialis Pane, only 
once observed at Naples. An immature Filaria described as Filaria leniis (ocidi 
hiunani) has been found in the human capsula lentis. Ichihyoruma Dies. , anus and 
vulva absent, male minute, in fishes. Spiroptera Rud., S, obtvsa Rud., stomach 
of mouse, asexual larva in meal-worm. Spiroxys Schn., Hystrickis Molin; Tetra* 
meres Crepl. (Tropidoeera Dies.) ; Hedruris Crepl. ; AncyracarUhm Dies. 

Fam. 5. Memiithidae. Aproctous Nematodes, with very long filiform body, 
and six oral papillae. The male caudal region is broad, and is provided with 
two spicula and three rows of numerous papillae. They live in the body-cavity 
of insects, and escape into tlie damp earth, where they athiin sexual maturity 
and copulate. Mermis nigrescens Duj. was the occasion of the fable of the 
rain-worm. M, albicans v. Sieb. v. Siebold established by experiment the 
migration of the embryos into the caterpillars of Tinea cvonymtlla, 

* Compare H. C. Bastian, “ On the Structure and Nature of the Dracunculus,** 
Trans, Linn, Society ^ vol. xxiv., 1863. Fedschenko l.c, 

t P. Mansori, China Customs Bejyortj No. xiv , 1878. T. Lewis, Q.J.M.S,, 
19, 1879. See also Manson, in Davidson’s ** Hygiene and Diseases in Warm 
'Climates^' London, 1893. 

XT 
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Fam. 6. Anguillulidae. * Frcc-liviii" Nciiutoilcs of small size, usually with a 
double swelling on oesophagus. Caudal glands arc sonielinies present. The 
lateral canals are often replaced by the so-called ventral glands; males with two 
equal spicules. Some s[»ccics cither live on or arc paiasitic in plants; others 
live in fermenting or decaying matter The grt ater number, however, live free 
in earth or water., Tylcnchus Bast. Buccal cavity small, and containing a 
small spine. The female genital' otjening lies far back. T, scandciis Schii. = 
tritiei Needliam, in mildewed wheat grains. AVhen the grains of wheat fall the 
dried embryos grow in the damp earth, bore through the softened membranes, 
and make their way on to the growing wheat jdaut. Here they remain some 
time, perhaps a whole winter without alteration, until the ears begin to be 
formed. They then pass into the latter, grow, and become sexually mature, 
while the ear is ripening. They copulate and deposit their eggs, from which 
the embryos creep out, and at length constitute tlie sole contents of the wheat 
grains (ear-cockles). T, dipsaci Kuhn, in heads of thistles (Carduus) ; Davninii 
Bast., on roots of moss and grass. Ilctcrodcra Schachlii Schmidt., roots of the 
beet-root, also of the cabbage, of wheat, barley, etc. 

Ehabdiiis Duj. (divided by Schneider into Leptodera Duj. and Tdalcra Schn.), 
with two strongly-developed oesophageal swellings, of which the hinder has a 
dental armature. Uh, flexilis Duj., head very shar[>ly pointed, mouth with two 
lips ; in the salivary glands of Limax cinereus. lUi, angiostoim Duj. 

Bhahditis nigrovenosa, the free dioecious generation of lihahdoncma [Ascaris) 
nigrovenomm^ which is hermaphrodite, and infests the lungs of frogs. 
lUwMmema strongyloides Lkt. (Angxdllulcc intestinalis) in intestine of man in 
Lombardy and Cochin China, causing diarrhoea ; Angtiillula stercoralis is the 
free Rhabditis generation of tliis.f lUiabdonema {Leptodera) appaulimlata 
Schu., in damp earth, 3 mm. long. The parasitic form, which is witliout a 
mouth and has two caudal bands, lives in Avion empiricorum^ and does not 
attain sexual maturity until after its escape from its host. It is dioecious, 
and gives rise to free- living, also dioecious, Rhabditis forms, many generations 
of which may succeed one another. 

Bradynema Zur Strasse, Br. regidum v. Sieb. in the body-cavity of the beetle 
Aphodius fimentarius, without mouth, intestine, anus, excictory and nervous 
systems.^ Mainly consisting of uterus full of embryos ; viviparous ; larvae, male 
and female, set free in body-cavity, bore through into intestine, and pass out by 
anus of host. According to Zur StrasseJ the female larvae die without pro- 
ducing eggs, while the male larvae become protandrous hermaphrodites, and 
enter in an unknown way the body cavity of their host. This account requires 
confirmation. 

Allantoncma mirdbile Lkt. in the beetle llylobius pini^ 3 mm. long, sausage- 
shaped, surrounded by a membi'ane, and attached to tracheae in the body*cavity. ; 
without mouth, intestine, anus; are protandrous hermaphrodites, witli a free- 
living dioecious Rhabditis generation. 

* Davaine, “ Recherches sur PAnguillule du bhi niellc/’ Pans, 1857. Kilhn, 
‘‘Uel)er das Vorkommon von Anguillulen in erkraiiktcn Bluthfeukbpfen von 
Dipsacus fullonum,” Zntschr, fiir wiss Zool.^ tom 9., 1859. Bastiau, Mono- 
graph of the Anguillulidae or free Nematoids, marine, land, and fresh water,” 
London, 1864. 0. Butschli, ‘‘ Beitragc zur Kentiii.ss der freilebendon Nema- 

toden,” Nov, Acta^ tom. 36, 1873. J. G. de Man, “ Die frei in der reinen. Krde 
und im silmn Wasser Ichendcn Neimdoden der NiM. Fauna ” Leiden, 1884. 

t Leuckart, Ber. d. 1:. Sachs GcscL d. JFiss, 1882. 

t Z.f, w, if., 64, 1892, p. 700. 
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AUracUmema gihbosum Lkt. in body-cavity of Cccidomyia pini^ without 
mouth and anus ; with alimentary canal reduced to a cell-cord ; with prolapsed 
uterus and vagina, full of eggs, projecting from the body. Males and females 
are found in the free state; they copulate; the female alone enters the host. 


SpliaerxClaria hombi* L(^on. Duf., in the body-cavity of the humble bees which 
have survived the winter (Fig. 231) ; the life-history is similar to that of At, 
gibbosum. The form in the body-cavity of the bee is the female, and consists 
of a 15 mm. vermiform body carrying a small Nematode-like worm. The former 
is the enormously grown protruded female generative apparatus, and the latter is 
the body of the female worm, which alone enters the host. The larvae become 


free in the bee, and leave it by the anus. 
When free and 1 mm. long they become sexual 
as males and females, and copulate. After 
copulation the female enters the bee. 

Amiinlhda Klirbg. Small buccal cavity, 
ocso}jhagus with a posterior bulb and a 
valvular apparatus. Male without bursa. 
Usually two circular lateral organs. No 
anal gland. A, aceti — glutinis 0. Fr. M., 
the vinegar- and paste-worm 1-2 mm. long. 
Chromadora Bast. ; Spilophora Bast. ; OdoxUo- 
2)hora Bjist. 

Fam. 7. Enoplidae.f Small, usually free- 
living, marine forms, without the posterior 
]»]uvryiigcal bulb, often with eyes and a buccal 
armature, often with fine hairs and bristles 
round the mouth. Dorijlaimm Duj. (Urolabes 
Carter); I), pahistris Cart., suppo.scd by 
Carter to be a non - parasitic stage in the 
development of Filaria vicdinensis ; D. nUig^ 
nalis found in mud everywhere in Europe. 
Trifobus Bast.; Monhystcra Bast.; Comesoma 
Bast.; Enichclidmin Elirbg., a large eye on 
the oesophagus, in the sea. Enopltfs Duj., 
marine ; Stjmplocostoma Bast. ; Oticholaimus 
Duj.; Odontohms Roussel. 

The Chaetosomatidae and the Besmoscole- 
cidae may bo mentioned here. They are 
minute non -parasitic, marine organisms, pre- 
senting ill the arrangement of their generative 
organs resemblances to the Nematoda. Their 



Flo. 237 .— minutm X 200. 
a eye; h ventral surface; e long 
dorsal bristles, which exist only 
in the female ; d anus ; s ventral 
bristles (after Greef, from Perrier). 


anatomy, houever, is imperfectly known. 


* A. Sohneidcr, Zool, Beitrdge^ Breslau, vol. i. R. Leuckart, “Zool. Anzeiger,” 
1885. Id., Neue Beiirdge z. Kennt. d. Nematoden, Leipzig, 1887. 

t Ebcrth, UiUerfi, iih. ^cmatalen, Leipzig, 1883. Marion, “Rech. anat. et 
physiol, sur les^ Nomatoides iioii-imiasites iuaiins,” Ann. Sc. Nat.y XIII., 1870. 
O. Biitvcbli, “Ob. freileb. Nomatoden, insb. d. Kieler Hafens,*' Abh. Senk. Nat 
Uesel, Frankfurt, 9, 1874. De Man, “Oiiderz. o. v. in der Aardc lev. Nematoden ” 
2'yds, </. Nederland, Tlcrkund, Vercenig, 1875. Id, “ Coiitributions d, la ctm* 
naissunce des Nematodes du golfc de Ncqdes,** Leiden, 1876, 
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dutetMomaiidAe. * The anterior end of the body is swollen into a head, with 
a semicircle of moveable hooks. The body is covered with fine hair. There ia 
a terminal mouth, an oesophagus, intestine and ventral anus. Two rows of 
kiiobl»ed processes on the ventral surface of hind end of body. Dioecious. 
Testis single, vas deferens opens with the anus, and is provided with two 
spicules. Two ovaries, single vagina, opening ventrally about middle of body. 
Minute. Marine. CAoetowma Clap., Metschnikoff. 

Besmoscoleoidae.t Minute, vermiform marine animals. Body marked with 
transverse ridges, which carry bristles. Mouth anterior and terminal, anus 
dorsal. Dioecious. Testis and ovary as unjmircd tul)€s. Male with two 
spicula, vas deferens opens with the anus; ovary opens on ventral surface. 
They move by looping. Nervous system unknown. Desmoitcolcx Clap. 
(Fig. 2;i7), Trichoderma Greef. 

Glass IL NEMATOMOBPHA. | 

Elongated^ unsegmented round worms without lateral lines^ with 
ventral nerve-cord and circumoesophageal ring. 

The position of these* worms in the system is obscure. The name 
chosen for the order expresses the fact that in general form of body 
they resemble the Nematoda. Their anatomy, however, is very 
different from that of the latter group. The lx>dy is elongated and 
filiform, but is without oral papillae and lateml lines. There is a 
marked cuticle, beneath which is a cellular epidermis. Tlie body- 
muscles are in one layer of longitudinal fil)res. The nervous system 
consists of three cords closely approximated in the middle ventml 
line, within the muscular layer. This ventral cord divides in front 
into the two cords wliicli embrac(?, and unite with one anotlier dorsal 
to, the oesophagus. The mouth (which is anterior) and oesophagus 
are occluded in the adult state, and the anus is at the hind end of 
the body. 

Between the body-wall and the gut there lie polygonal cells, 
which in the adult seem to diflerentiate into various organs, e.g, 
genital glands, genital ducts ; and a space, which may or may not bo 
a coelom ic space, appears among them. 

* E Metschnikoff, Z. f. w. Z.y 17, 1867. Panceri, Jtti Accad. dclle Scienze^ 
Naples 7, 1878, p. 7. 

t Greef. Unters. Ub. einige merkwiirdige Thiergruppeii der Artliropoden u. 
Wurmtypus, Arch, Naturg. 35 (1) 1869. ranceri, Op. cit, 

$ F. Vejdovsky, “Zur Morphologie der Gordiideii,’* Z, f. w. Z., 43, 1886, 
p. 369, and Ihid.^ 46, 1888, p. 188. v. Linstow, **Ueb. d. Eutwick. und 
d. Anat. v. Gordius,'' ^rcA. /. AHc Amit.^ 34, 1889, p. 248. Id.^ “Weitcre 
Beobachtuugen an Gordius," Arch, f, Mic, Anal,, 37, 1891, p. 239. M, “ Uber 
d. Entwick. v. Gordius," Ccntralbl. Bact. l^arasitk.^ 11, p. 475. 0. Biirger, 

“Zur Kenntniss v. Nectoncma agile A^3rr.," Zool. Jahrb, Morph. Abth.y 4, 1891, 
p. 631. H. H. Ward, “On Nectonenm agile," Btill. Mus. Harvard Coll,, 23, 
1892, p. 185. 
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The sexes arc separate, and tlie generative organs are paii*ed ; they 
open to tlu) exterior, with the anus near the him! end of the body. 
The ovaries are nuitanierically repeated masses of eells on each side. 
The ova are collected into two tiil)es — the egg-sacs, which l^ehind 
become the oviducts. The oviducts open into a median atrium, 
which also receives the opening of the single receptaculum seminis. 
Thii male organs arc much the same, 
except that the two vasa deferentia 
oj)en sejiarately into the rectum 
(cloaca). The male caudal region is 
forked, and is devoid of spicula. 

In the adult stage these animals are 
free and sexually mature, but the 
alimentary canal is genemlly degen- 
erate, being occluded in front, and 
presumably functionless. They are 
found in fresh - water ponds and 
streams, and move in an undulating manner. The eggs give rise 
in the water to an embryo, with a circle of boring-spines, which 
leaves the egg and migrates into insect larvae {Epliemerid larvae^ 
etc., they have been found even in fishes, molluscs, and oligochaetes) 
and there encysts. Water beetles and other aquatic predatory insects 
eat Avith the llesh of their prey the encysted young forms, which 
then develop in the body-cavity of their new and larger host to 
young Gordiidaej which make their way into the water. Qordivs L.; 
Nectoneina Verr., a marine form, life-history unknown. 

Class in. AOANTHOCEPHALA.* 

Elongated round woiins^ with proiruBihle prohoscia furnished with 
hoohs ; without mouth and alimentary canal; with a hody-cavity, into 
which the ova are dehisced and the oviducts open ; parasitic. 

The saccular, often transversely wrinkled body begins with a 
proboscis, which is furnished with recurved hooks, and can be 
retracted into a tul)e projecting into the body-cavity (sheath of the 

* Besides Dujavdin, Diesing, 1. c., compare: R. Leuckart, “Parasiten des 
Menscheii,” tom 2, 1876. GreefT, “ Untersuchiingen ilber Echinorhynchus 
niiliaiis,’’ Arch, fur Eatiirgesch, 1864, A. Schneider, “Ueber den Bau der 
Acantliocephalen,” Miillcr^s Archiv., 1868. Also the Sitzungsberichte der 
Oberhcssischcn Gcscllschaft filr KatuV’ itnd JJeilhinde^ 1871. B. Graasi and S. 
Calandniccio, ‘*Ueb. einen Echinorhynchus, welcher anch in Menschen parasitirt 
u. dessen Zwischenwirth ein Blaps ist,” CentralbL fur BaJcL u. ParasfUekund. 
3, 1888. 0. Hainann, Die 'Kvmalhehninthm^ Heft 1, Monographic der Acantho- 

cephak‘ 11 , Jena 1891; Heft 2, 1895. 



Fio. 238.--lArvfte of Gordius tuhbi- 
furcus (after Meissner), a, in the 
egg-membrane with protruded pro- 
boscis; b, out of the egg-membrane; 
e, with invaginated proboscis. 
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proboscis) (Fig. 239, Jt and Us). The posterior end of this sheath 
is fastened to the body-wall by a ligament, and by retractor muscles 
{retinacula). 

The nervous system (Fig. 239, G) is placed at the base of the 
proboscis, and consists of a simple ganglion formed of large cells. 
Nerves are given off from the ganglion anteriorly 
to the proboscis, and through the lateral retrac- 
tors to the body-wall (Fig. 239, R). The latter 
supply partly the muscular system of the body, 
and partly the genital apparatus, in which there 
are, principallj^ in the male animal, special 
nerve-centres, consisting of ganglionic enlarge- 
ments. Sense organs are entirely wanting, as 
also are mouth, alimentary canal, and anus. 

The nutritive juices are taken in through 
the whole outer surface of 
the body. In the soft 
granular subcuticular layer 
of the integument {epider- 
mis)j in which, as in 
Nematodes, cell-limits are 
not discernible, lies a com- 
2>licatcd system of canals, 
filled with a clear fluid 
containing granules. Be- 
neath the subcuticular layer 
of the integument, which 
layer is often very extensive 

and of a yellow colour, is Fio. 240.~Male of Echino- 
idaced the powerful mus- 
cular tunic ; it is composed 
of external transverse and 
internal longitudinal fibres, 
which latter bound the body-cavity. The struc- 
ture of the muscular fibres is not unlike that of 
Nematodes. The complicated ramified system of 
the epidermal canals, of which two principal longitudinal trunks may 
be recognized, is filled with juices, and probably functions as a nutri- 
tive apparatus. The epidermis and canal system of the proboscis is 
entirely cut off from the ejndermis and vessels of the trunk by a 




Fig. 289.— Anterior jmrt 
of an Echinorhynduis. 
R Proboscis ; Us 
sheath of proboscis; 
0 ganglion ; Le lem- 
nisei ; R retinacula. 


rhynnis angnstatxis (after 
R. Leuckart). R pro- 
boscis ; Us sheath of the 
prol) 08 Cis; Li ligament; 
G ganglion ; Le leniiiisci ; 
T testes ; Vd vasa defer- 
entia ; Pr prostatic sacs ; 
De ductus ejaculatorius ; 
P penis; B retracted 
bursa. 


tliiu iiurowth of cuticle. The hmniaci are two bo<lies which 
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project through the muscular tunic into the body-cavity at the base 
of the prolx)scis (Fig. 240, Le), They consist of epideimis, 
continuous witli that of the proboscis, and a thin muscular coat, 
and they contain a great number of anastomosing canals. It has 
been suggested that the epidermal spaces of the lemnisci and 
proboscis are organs for the protrusion of the 
prolx)Scis ; the fluid which in the retraction of 
the proboscis enters the epidermal spaces of 
‘the lemnisci being by the contraction of these 
latter organs forced back into the walls of the 
proboscis, so bringing about its protrusion. 

According to Schneider, the vessels of the 
lemnisci open into a circular vessel in the 
integument, and only communicate with the net- 
work of caiijils in the proboscis, while the other 
dermal vessels (nutritive apparatus), the con- 
tents of wliich differs from that of the vessels 
of the lemnisci, are, as above stated, completely 
shut off from the latter. 

It has recently* been asserted tliat there is in EcMno^ 
rhynclms (jUjfts a pair of nephridia. They consist of a 
bunch of fine tubes, which terminate in a sieve-plate, 
the [)Ores of which open into the body-cjavity. The. 
sieve-plate carries on its inner side a bunch of flagella. 

The fine tubes unite to form a duct, which joins its 
fellow The single duct so formed opens into the 
generative duct, 

Generative organs. The body-cavity through 
which fluids circulate encloses the greatly- 
developed generative organs, which are attached 
to the end of the sheath of the proboscis by the 
ligament (Figs. 240 it and 241 1), The sexes are 
separate. The male (Fig. 240) has two testes 
and the e»me number of eflerrat ducts 
(Frf). The latter unite behind to form a ductus 
ejaculatorius (Dc), which is often furnished 
with six or eight glandular sacs (Pr), and a conied penis (P), at the 
bottfmi of a l)ell-shaped protinisible bursa (P), situated at the posterior 
end of the body (Fig. 240). The generative organs^ Of the larger 
females (Fig. 24i) consist of th6 ovary developed in the ligament j of 

* J. E. Kaiser '^Dio Aoanthocephalan u. ihre Eotwick.'* BiliL ZaoL Bd. 2, 
H< lt 7, 2 Theile, 1892. 



Fio. 241. Genmtive 
ducts of, a female 
EcMnorhynckus MeJuh 
cephatu9 ttom the so- 
called dorsal side, 
the side of the pos- 
terior opening of the 
'bell. The opening of 
the nterine bell b 
looking fbrward and 
its relation to the liga- 
ment I, 0 posterior 
opening of the bell, by 
which the unripe eggs 
/pass back into the 
body-caVlty; d uterus; 
• vi^aa (aitttf' Kaiser). 
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a complicated “uterine bell/' wliich opens into the body-cavity (6), 
and to the base of M^hich the ligament is attached ; of two short 
oviducts connecting the bell with the uterus, which leads into the 
vagina; the vagina opens at the hind end. There is at the hind 
end of the bell a second opening into the body-cavity on the so- 
called dorsal side (c). The female generative ducts consist of a few 
very large cells, like the cells constituting the skin of the embryo, 
and the muscles of the ducts are fibrous differentiations of the outer 





parts of these cells. 

It is only in the young stage that the ovary is a simple body 
enclosed by the membrane of the above-mentioned ligament. As 
the animal increases in size, the ovary grows, and becomes divided 
into numerous spherical masses of eggs, the pressure of which hursts 
the membrnne of the ligament; the masses of ova, as well as the 
ripe elliptical eggs, which gradually become free from them, fall into 
the lx)dy-cavity. The egg membranes are not 
formed till after segmentation, and ought perha})S 
to be interpreted as embryonic membranes. 'Die 
eggs, wliich already contain embryos, j^ass out of 
the body-cavity into the uterine bell, whicli is 
continually dilating and contracting, thence into 
the oviduct, and through the genital opening to 
tlie exterior; while the round still unripe eggs 
^ [>ass from the uterine bell through the dorsal 

Fio. 242. — Embryo ^ i i i i i 

of Echinorhyiichns postenor Opening back into the r)ody-cavity. 

giyew encios^ in Development. Segmentation is irregular and 
(after Leuckart). complete, and results in the formation of an em- 
bryo, which is enclosed in three egg-meiiil>rancs. 
The embryo has a small, somewhat long body, armed with small 
spines at the anterior pole, and consists of a central mass of small 
cells and a peripheral layer containing a few large nuclei and 
without cell-limits (Fig. 242). The perijiheral layer gives rise to 
the ectoderm and the lemnisci ; the central cells to the other organs. 

The Urge nuclei are said to break up into the small nuclei of tlui 

ectoderm of the adult except in Neorhynchua find ArJupirlma. The 
body cavity arises in the central mass, and the cells on the. outside 
of it form -the muscles of the body-wall. In this development there 
can be no talk of layers in tlio ordinary sense. The embryo passes 
into the intestine of Amphipods (Ech. prottua^ polymorphus), or of 
Isopods {Ech* a7igu8tatm\ and there becomes free, bores through 
the wall of the intestine, and after losing the eiubryouic sphu , 
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develops to a small elongated larva, which, like a pupa, lies in the 
body-cavity of the small Crustacean, with its proboscis retracted and 
sun'ounded by its firm external skiji as by a cyst (Fig. 243, b). As 
stated above, the skin of the larva gives rise only to the int^fu- 
ment, the vessels and the lemnisci of the adult ; while all the other 
organs enclosed within the dermal muscular envelope, viz., the nervous 
system, the sheath of the proboscis, and the generative organs, are de- 
veloped from the so-called embryonic nucleus. It is only after their 
introduction into the intestine of fishes (Eeh. proteu$) or of aquatic 
birds (Eeh. polymorphus), which feed on these Cfrtt^aeea, that the 
larvae attain to sexual maturity, copulate, and reach their full size. 



Fio. 243 ^ Larvae of Evhi nnrhyni'hvs proUus from GotumaruB (after LeuckariX free embryo ; 

Ek etiibryoiiic iiueleua. 5, older eta^^e, with more differentiated embryonic nuclena. 

c, young female worm ; Ov ovary, d, a young male worn ; T testes ; Is lemnisci. 

The numerous s|)ecies of tlie genus Sekinorhynehua 0. F. MUller, liwe in the 
alimentary caual of different Vertebrates, principally fishes, the gut wall of 
which may be as it were sown with these animals; the asexual larvae are 
fonnd in small Ouslf^ea (Amphipods, Isopods). Lanibl found a small sexually 
immature EchinorJiffitchm in the small intestine of a child which died of 
leukhaemia. Ech. poiyvwrphus Breins, in the intestine of the dock and other 
birds, larva in the crayfish ; E. proteus Westrumb., larval form in Gammanis 
and in the body* cavity and liver of Phoxinos, sexual form in the tront. 
Qigantorhyiichm Hamann, with ringed and flattened body, intestine of ant- 
eaters, birds, swine ; larval form in grubs of insects ; O, yigaa Goexe, as large 
as an AscarU liinihrieoides^ in the small intestine of the pig, larval form in 
grubs of beetles. Neorhynchus Hamann, the nuclei of the epidermis and 
lemnisci are large and few in mimlter, as in the larvae of other forms ; in the 
carp, larval form in larvae of Neuroptera, etc. Arkynchtia Shipley, without 
eversihle probo^is and hooks : epidermis and lemnisci with giant nuclei ; in- 
side the skin of a bird HtmigniUkm procarua. 
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Following the usual custom, the AeantkoeephaJa arc placwl in 
the phylum Nemathclminthes ; hut it must ho Iwrno in mind that 
the relationship to the Ncmahxla thus expressed is more than 
doubtful. Indeed, there is nothing in common Ixstwcen the two 
groups, and there are many remarkahlc differences. The alisenco 
of an alimentary canal, the presence of a coelom with relations to 
the generative organs and ducts, the form of the ncrvpus systfun, 
the presence of cilia in the so-called nephridia, are all chanicte.rs 
of great im)K^rtance and quite dillci'ent from anything in tlm 
Neimtoda. Further, the canals in the skin, though they may 
ho compared to the lateral excretory organs of NnmaUslcs, ai’c, in 
reality, totally different, inasmuch as they form anastomosing net- 
Avorks, and are found throughout the wliolc of tlie epidermis. 
Finally, the development cannot he brought into relation with 
anything else in the animal kingdom. It is i>eculiiir in tlie fact 
of the giant nuclei of the outer layer and in their behaviour, and 
in the absence of a third layer or group of cells in the early stages. 

Our inclination is to create a separate phylum — tlie AcaiUho- 
eepluda — for this strange group of parasites. 



CHAPTER VIII. 


Phylum ROTIPERA/ 

Minute animals with a ciliated trochai disCj an anterior mouthy 
and a dorsal jmtcnor anus. Perivisceral cavity well developed; 
excretory system with flame-cells; vascular system absent 

Tlie Rotifera are small aquatic organisms which swim in the 
Avater liy nHvins of a ciliary appamtus at the front end of the 
Ixwly, called the trochal disc. This consists of the anterior end 
Avhieh generally has a somewhat discoidal form, and of the cUia 
Avliich are di.sjiosed in one or two rows round its margin. The 
name “Wheel-animalcules/’ sometimes applied to this group, is due 
to the co-ordinated movement of these cilia, which proiluces the 
app(;aronce of a rotating wheel, or in some cases, when the ciliary 
hand is indented or interrupted at its median dorsal point and 
its median ventral, of two wheels {Philodina, Limnias), It will 
1x3 useful to use the word corona for the discoidal anterior end 
of the body, and velum for the ciliary apparatus of its margin — 
the Avholc being the trochal disc. The posterior end of the body 
tapers, and is called the foot or pseudopodium ; it may be jointed, 
ami the joints are often telescopically retractile. It terminates 
either in a sucker-like surface for adhesion, on which the secretion 
of a cement-gland may be poured, or in tAvo (or more) styles, which 
can be used as pincers for anchoring the animal (Fig. 244). It 
is used both for locomotion and attachment. 

The trochal disc is generally retractile, and the foot is, in rare 
cases, absent. 

The mouth is on the ventral side of the trochal disc, and the 
anus is on the dorsal surface, usually near the foot. 

* Ehrenberg, Pie Infusionsthierchen aU vollkommene Organismein^*^ Leifwng, 
1838. C. T. Hudson and P. H, Gossc, “ The Botifera or HHiul anivw^lcuUii' 
2 vols., London, 1886. L. H. Plate, “t)b. d. Rotatorien fauna d. bottnischen 
MocrbiLsona,’^ etc., X. /*. w\ Z., 49, 1890. 0. Zeliuka, “Studien Ub. Rotatorien,” 

Z. /. w. Z., 44, 1886 47, 1888 ; 53, 1892. 
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Then is often a spur-liko process, carrying a tuft of setae and 
projecting from the dorsal middle lino close to the trochal disc: 
this is the cal c ar or antenna. There may be, in addition, a pair 
of ventral setigerous processes or antennae of a similar character. 
The single nerve-ganglion is placed on the dorsal side of the body, 
dose to the trochal disc. 

The velum varies in its arrangement. It may consist of a simple 
circle of cilia at the margin of the trochal disc (Microcodon) : in 
this case it surrounds the mouth, and is a circum-oral ring. In the 

Floscularidae (Fig. 
245, 3), this ring is 
reduced to a half-ring 
on the ventral side of 
the mouth, and the 
edges of the disc may 
be produced into long 
processes (Stephano- 
ceros). In other forms 
the ring encircles the 
disc twice by bending 
on itself (Fig. 245, 1, 
2 ) ; thus enclosing the 
mouth, and having a 
dorsal gap between the 
points of flexure. (^t- 
zofa). In this form of 
velum a fusion of the 
two points of flexure 
would result in the 
formation of two rings, 
one pre-oral (above the 
mouth), and one post- 
oral (circum-oral) 
below the mouth. In the BddUnd% the ring is doubled on itself, 
but there are two gaps, one dorsal, at the point of flexure, and the 
other ventral in the upper ring just above the mouth (Fig. 245, Jj). 
Very frequently, especially in the parasitic forms, the trochal disc is 
reduced, and in certain cases entirely aborted (Apailus). In Noiom- 
tnata tardigrada the trochal disc is reduced to a ciliated disc round 
the mouth. In some cases the ciliated edge of the disc projects over 
the head and forms the double wheel above referred to {Philodina, 



Fio. t44,—ffi/daHnm tenia (after F. Cohn), a, female, h, 
male. ITpr ciliated ring (velum) ; CBl contnmtile vesicle 
of the excretorx system; Wtr ciliated lobule of the 
excretory oigana (JEx) ; K mastax ; Dr salivary glands ; 
Md stomach ; Cv ovary ; T testis ; P penis. 
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Braehionu^), or becomes s ciliated cephalic shield (Meffalotroeha, 
Tvbieolaria) Finally it may be produced into ciliated processes 
of various form {Ftotculariei, Stejthanoeerof). The cilia are con- 




Flo. 245, —Vela of vaHoui Rotlfera (after HiMteon and Ooeee)i. 1, Rhirotie velmii, front view 
{.leliterta ringem) f, Rhiaotic velum, aide view (if. rinftmf). S, Velum of FUmntmria 
(ampinuiata, 4, UUelloidio velum (R<4IM cUrinmi), 5, T%e aame, aide view. 0, MdloMIe 
velum of Adineta vaga. hf the buecal hmiiel; JNV the principal ring of dlia; am the 
aecondary ring ; Ip the lipa ; cm the vtlum. 


cemed with locomotion, but in addition they play an important 
part in procuring food. 

Locomotive organs. In addition to the foot and troehal diae. 
are often stvliform nrocesses of the bodv. into the baasa of.' 
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which special muscles ate inserted. Such are fouutl in Triarihra, 
Polyarthra, etc. In one family — the Pedalionidae — the Ixsly imw- 
sesscs hollow appendages containing muscles, and recalling very 
closely the limbs of Arthropoda (Fig. 246). 

The body-wall consists of a cuticle with a subjacent protoplasmic 
layer with scattered nuclei, but mthout cell-limits. This dou1>tlo,.s.s 
represents the ectoderm. There does not ap})ear to Ije any con- 



Fro. 246 -^Prdnlion mirum^ 8i<le view (from Perrier, 
after Gosse). g eyes ; e velum ; m, m', m'' nuis* 
cular bands ; v ventral appendage ; d dorsal appeu 
dage ; r lateral appendages. 



Fig. 247. -^Melieerta tinyvM (aftet 
Lenckartaud Nitseb, modi tied 
from Ehrenberg and Joliet), 
showing the tube formed of 
pellets cemented together. 0 
mouth ; Vh pharynx ; L ciliated 
lobe overhanging W the cili* 
ated cup ; Dr cement gland ; 
M stomach ; T tentacle ; It 
truchai disc. 


tinuous muscular layer in the body-wall, but there may l>o a small 
amount of connective tissue, inasmuch as connective tissue fibr(;s 
can be seen passing between the various organs across the body- 
cavity* 

The cuticle is sometimes soft and thin, sometimes hardened into 
a kind of shell, called the lorica (the Ploima) ; there are sometimes 
joints in it, which give the body a segmented appearance. The 
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Kkiii is not cilhitcMl cxcojit in coiiain s{)ots, of wliicli the troclial 
«lis<; is tlio cliiiif. The principal integumentary glands are the 
c<*iiicnt glands of the foot, which open at the extremity of the 
pincci's and sccr(‘lc the suhstance by which the animal is fixed. 
The tube or urceolas^ in which some Rotifera live, is probably a 
secretion of the skin; it is often gelatinous, but in Mdieerta it 
consists of pellets. These pellets are formed of foreign or faecal 
particles which are worked up and cemented together by a ciliated 
cup on the ventral side close to the trochal disc, the cementing 
sulwtance being a secretion of a gland (Dr) near the ciliated cup 
(Fig. 247), 

The body-cavity is a well-marked space, traversed as stated above 
by a few fine connective tissue strands and filled with a clear 
vascular fluid. As to its nature we know nothing. The generative 
and, apparently, the renal organs are in no way connected with 
it, so that presumably it is not coelomic. It may be a haemocoele ; 
if it is, it is the only representative of the vascular system, for 
nothing in the shape of heart or blood-vessels are known. 

The alimentary canal (Fig. 244) is ciliated throughout. It consists 
of a mouth leading into a muscular pharynx called the mastax^ and 
provided with a special armature — the trophi. The parts of the 
armature (see below) are in continual movement, and serve for 
mastication. In the moi*e predaceous forms they can be protruded 
so as to act as jaws. Following the pharynx is a short oesophageal 
tul^e ; this leads into the digestive sac or stomach. The stomach is 
lined with largo ciliated cells, which often contain green or yellow 
pigment grains. The anterior or gastric part of this cavity is wide 
and receives two large glandular tubes, wliich may be explained as 
salivary or pancreatic glands. The posterior narrow intestinal part 
loads into a cloacal chamber, which opens on the dorsal surface at 
the imnt where the foot-like posterior region joins the anterior part 
of tlio body. In some cases, €,g, AsplanehnOj the intestine ends 
blindly, and the faeces are rejected through the mouth. 

Bespiration is carried on by the general surface of the body; 
s^Kicial organs are wanting. 

The muscular system is complex, being composed mainly of 
muscular bands passing between definite points. The muscular 
tissue is in pai*t, at any rate, cross-striped. 

Excretory organs. The so-called respimtory canals are excretory. 
They consist of two sinuous longitudinal canals, with fluid contents ; 
they open into the cloaca either directly or by means of a contractile 
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vesicle, and are besel by short appendages called the vibratile tags 
(Fig. 244). The latter appear to be simply flame-cells, which open 
into the main trunks : whether they open into the perivisceral cavity 
or not is disputed. 

The nervous sjrstem consists of a simple or bilobed cerebral 
ganglion placed dorsal to the oesophagus, and giving off nerves 
to peculiar cutaneous sense organs and to the muscles. In Gaili- 
dina and Diseopus there is in addition a small ventral ganglion 
connected with the dorsal ganglion round the oesophagus. Eyes are 
often present, and lie upon the brain either as an x-shaped, unpaired 
pigment body, or as paired pigment spots provided with refractile 
spheres. There is often a small mass of calcareous granules in 
connection with the ganglion : its function is unknown. The 
above-mentioned cutaneous sense-organs, which have the form of 
prominences beset with hairs and setae, e,g. calcar, so-called 
antennae, etc., are probably tactile. 

(Hnerative organs. The sexes are separate, and are distinguished, 
except in Seisotij by a strongly marked dimorphism. The males 
(Fig. 244, b) are much smaller than the females, and often have a 
very different form ; they possess excretory tubes and ganglion, etc., 
but are without either oesophagus or intestinal canal — these organs 
being reduced to a cord of cells: they leave the egg completely 
developed. Their generative organs are reduced to a testicular sac, 
the muscular duct of which opens at the hind end of the body, 
sometimes on a papilliform protuberance. This is the penis, which 
cither introduces sperm into the female's cloaca in true copulation, 
or perforates her body-wall and deposits the spermatozoa in the 
Ixniycavity. 

The males of many species are unknown, and when they are 
known they often appear only in the autumn, when the winter- 
eggs are formed; but they are also found in summer. The generative 
organs of the female consist of a roundish ovary, with which a 
yolk-ghmd is associated, and of a short oviduct which usually opens 
into the cloaca. The oviduct is sometimes absent (RoHfer\ and 
in the Philodinidae and Seisontdae the ovaries are double. Almost 
all Botifera are oviparous, and their eggs are distinguishable into 
thin-shelled rnmner eg^ which develop immediately without being 
fortUixed, and thick-sheUed winter eggsy which last through the 
winter and are probably fertilized. They carry both kinds of eggs 
about on their body in their tube, but the summer eggs not un- 
frequently develop in the oviduct The summer eggs are of two 
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kinds, liirg(i and small. Tho largo dovolop into fomalos, and tho 
small into males; they arc produced by ditlerent individuals. Asexual 
rej)roductiun is unknown. 

It has been established by Maupas^ that in certain Kotifera 
(IlydcUina mnta) the same animal produces only eggs of one sex; 
thus, a female which has once laid the small male egg never produces 
a female egg, and vice versa. Ho has further shown that while 
the general rule is that female eggs should be produced — a rise 
in temperature, if applied at the earliest stages of their short life, 
will ensure the production of the small male eggs. Further, he has 
shown that the layers of female eggs are devoted to parthenogenesis, 
and only produce the thin-shelled immediate eggs. Copulation of 
such with a male has no ofTect. On the other hand copulation 
between a young female, which would, if left alone, lay only male 
eggs, and a male brings alx)ut a complete change in the character 
of the eggs ; in this cose the egg acquires a thick, hard, often orna- 
mented shell, and develops immediately to a certain stage ; but the 
development soon ceases and the egg becomes a resting — so-called 
winter — egg. Such eggs may bo produced at any season of the 
year, and their peculiar proi>erty is to be able to resist drought 
and other adverse influences ; they give rise only to parthenogenetic 
females, which lay thin-shelled immediate eggs. Finally, copulation 
between a male-producing fenmle, in which the eggs have been 
formed, and a male has no effect; in such a case the female lays 
small immediate eggs, which develop at once into males. 

It thus appears that, as in the bees, an egg which would, if 
fertilized, produce a female, will, if not fertilized, produce a male. 
Should these most important and interesting observations be con- 
finned — and here it may be observed is a subject of the most 
fascinating and far-reaching character for research — it would appear 
that in tho Itoii/era tho problem of how to control the production 
of the sexes has been solved. 

The development has been studied in the parthenogenetic imme* 
diaie eggs. It throws no light upon the affinities of the group. 
The young are hatched with practically the form of the adult. 
There is said to be no mesoderm in the ordinary sense of tho 
word, but the rudiments of the organs are laid down independently. 

The Rotifera principally inhabit fresh water, but marhie forms 
are known. Some species live in gelatinous tubes which they 
fiecrete, or in a case consisting of pellets manufactured by the 
* Vomptes rmdu$ Acad, Sci,^ 109, 1889, 90, 91. 
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{MdicertH^ Fig. 247). A small number arc parasitic. !Many of 
them possess to a remarkable degree the property of resisting the 
eflects of drought and a high temperature (200 F.). This power 
is particularly develojH.‘il in ilic Bdelloida. On the approach of the 
adverse influence they protect thenisclves by a gelatinous secretion 



Pio. S48.~>JaW8 of Jiotifera.^U Malleate; f, Sub-malleate ; 5, Forcipate; 4, Incudate; 
5, Malleo-mmate ; d, Uiiciuate; 7, Kainate ((W)iii Hudson and Oosse). ma tnaUena; 
U inetia ; ff tknii ; fm fule rum ; mm mannbrium ; %t nneua. 


which protects them against evaporation. The duration of life is 
often veij short. The female of Hydalina aettta attains maturity 
in three days and lives only fourteen days; and the males live 
only three days, ■% 

Tlie position of the RoU/era in the system is obscure. Apparently 
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they form an isolated phylum with afTinitios through Pcdalion (Fig. 
246) to the AHhropoda; and through the Trochosphere larva to 
Annelids and Molluscs. As in the Trochosphere, it is impossible 
to say whether the perivisceral space is a coelom or a haemocoele; 
prolmbly it is a haemocoele. There is a further important feature 
of resemblance to the Trochosphere in the form of the excretory 
organs, which also recall those of Platyhelminthes and Nemertines. 
Tlie Rotifera are highly specialized animals, and perhaps the most 
remarkable general fact to note about them is the ranty of marine 
forms. World-wide in distribution, and extremely rich in species, 
still they are mainly confined to fresh waters. One cannot help 
f(‘oling that ihcie must l)c an equally imiwrfcant marine branch of 
the phylum which has so far been overlooked, and which when 
discovered will throw light upon the affinities of the group. 

The jaws or trophi ai-o three in number ; two mallei and one ineuB (Fig. 
248, i). The malleus ms consists of a head or unats (t£s), and of a handle or 
manubrium {mm). The incus (is) consists of two rami (rs), against which the 
nialici work, and of a basal piece— the fulcrum (fm). The modifications (Fig. 
248, 1-7) of tlieir jaws arc as follows : — 1. MalleaU. Mallei stout, manubria 
and unci of equal length. 2. Sul) maXUalc. Mallei slender ; manubria about 
twice as long os unci. 8. Foreipaic. Mallei rod-like ; manubria and fulcrum 
long; unci pointed or absent; rami used as forceps. 4. Jncudale. Mallei 
absent ; rami as curved forceps. 5. Mdlleo-ramaU. Mallei fastened by unci 
to rami Unci 3-toothed ; rami large, fulcrum slender. 6. UncinoUe, Unci 
2-toothed ; incus slender. 7. Bamaie. Rami, crossed by two or three teeth, 
fulcrum rudimentary; manubria absent. 

Order 1. Bhizota. 

FVxed toAen oduU^ usually inhabiting a gelatinous tube excreted from the skin; 
foot transversely wrinkled^ not retractile vjUhin the body^ ending in am adheeive 
disc or cup, 

Tlie foot of the JRhizoia is unlike the foot of all other Boi\fera^ in that it 
is a prolongation of the dorsal, and not of the ventral, region of the body. 

Fam. 1. Floseularidae. Corona* produced into setigerous lobes; mouth 
central; velum* a single half circle ventral to the buccal orifice (4.e., the 
gap in velum is dorsal, Fig. 245, S)\ trophi uncinate. I%oscularia Oken; 
Aojdus Leidy, without setae ; Apsilus Metschnikoff, without setae, velum, and 
foot ; Slq)hanoceros Ehrbg., lobes long, convergent; St, eichhomii Ehhg. 

Fam. 2. Melicertidae.f Corona without setigerous lobes ; mouth lateral ; 
velum a marginal continuous band, bent on itself at the dorsal surface, so as to 
encircle the corona twice ; with the mouth l)etween its upper and lower curves, 
and having dlso a dorsal gap Ifetwceu its points of flexure (Fig. 245, i) ; trophi 
malleo-ramate. Social, the tubes are often adherent to each other. Melicerta 
Sebratik, corona of four lobes, dorsal antenna minute, ventral antennae 

* Corona is used for trochal disc, and velum for ciliary ring or rings. 

t This family must not be confused with the LeptoniMusan sub-family of the 
same name (p. 134). 
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ohyioM^^ * Melicerta ringens L. (Fig. 247); Limnias Schrank, tube witbont 
pellets; Cephalosiphm Ehrb., vent antennae absent; Oecistes Ehrb., dors. 

ant. absent ; Lncinularia 
Schweigger, adherent gela- 
tinous tubes in clusters, 
antennae absent ; Mejnlo- 
trocha Ehrb., clustered, 
without tubes, ant. ab- 
sent ; Trochosphaera Sem- 
per (Fig. 249), solitary, 
frec-swiniming, spherical, 
velum as preoral ring 
broken dorsally, ventral 
antennae minute, trophi 
malleo-ramatc, lateral 
canals end in cloaca, nerve 
ganglion close to mastax, 
male unknown, ovary 
opens into cloaca. Fresh 
water of Philippine 
Islands. Interesting from 
its resemblance in form, 
gut, velum, and appear- 
ance to a trochosphero 
larva; Conochilus Ehrb., 
gaj) in velum ventral. 

Order 2. Bdelloida. 

Swimming with their rdum^ and creeping like a leech Foot telescopic^ wholhj 
teiractile with in the body, usually ending in three toes. 

Fam. 3. Fhilodinidae. Corona a pair of circular lobes, transversely placed. 
Velum a continuous marginal curve, bent on itself at the dorsal surface so 
08 to encircle the corona twice, with the mouth between its upper and lower 
curves, and having also two gaps, the one dorsal between its points of flexure, 
and the other ventral in the upper curve op|X)site to the mouth (Fig. 245, 4 ) ; 
trophi raniate. Philodina Ehrb., eyes two, cervical ; Foti/er Schrank, eyes two, 
within the frontal column ; in both these genera no oviduct has been seen, but 
the eggs develop in the body-cavity, and both eggs and young have been seen 
to leave the cloaca ; males not known. Aciinums Ehrb. ; Callidina Ehrb. 

Fam. 4. Adinetidae. Corona a flat prone surface ; velum as the furred 
(with cilia) ventral surface of the corona ; trophi ramate ; frontal column 
soldered to dorsal surface, and ending in two hooks. Adincta Hudson. 

Order 3. Ploima. 

Swimming with their, velum, and {in some cases) creeping with their toes. 

The mastax can be protruded so as to seize the prey ; the ganglion i« well 
developed and the eyes often have lenses. 

Sub-order 1. lUOBICATA. 

Integument flexible, not stiffened to an enclosing shell ; foot when present 
almost always furcate, but not transversely wrinkled, rarely more than feebly 
telescopic, and partially retractile* 



A 


Fio. 2i9.--Trocho8pfiaera aequatoriolU (after Semper, from 
Korschelt ami Hei<ler). Ce cloaca ; Dr glaiuls of the 
foregut ; Kx duct of the excretory organs ; t; brain ; Ge 
ovary and oviduct ; M mouth ; Mu inu8cl<\s ; N nerve ; 
5 mastax ; Si sense-organ ; W, prcoral, W,, postonil 
ciliateil baiul; A cloacal oriheo. 
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Fam. 6. Microeodidae. Coroim transverse, flat, circulai ; buccal 

orifice central ; velum a marginal continuous baml encircling the corona and 
two curves of larger cilia, one on each 8i<le of the mouth ; irophi forcipate ; foot 
sty late. Microcodmi Ehrb. 

Fam. 6. Asplanohnidae. Coi*ona sub-conical with one or two apices ; velum 
single, edging the corona ; with large stomach which ends blindly, intestine 
and cloaca being absent. Asplanchna Gossc ; Saeeulus Gosse. 

Fam. 7. Synchaetidae. Corona a transverse sphmidal segment, sometimes 
much flattened, with styligerous prominences ; velum a single interrupted or 
continuous marginal hand ; mastax largo, pirifomi ; irophi forcipate ; foot 
minute, furcate. Synchaeta. 

Fam. 8. Triarthridae. Body furnished with skipping appendages ; corona 
transverse ; velum single, marginal ; foot absent. Polyarihra Elirb. ; Pteraensa 
Gossc ; Tnarthra Ehrb. ; Pedetes Gosse. 

Fam. 9. Hydatinidae. Corona truncate with styligerous prominences; 
velum two parallel bands, the one marginal fringing the corona and mouth, 
the other lying within the first, the styligerous prominences being between the 
two ; trophi malloatc ; foot furcate. Both rings arc continued into the mouth. 
llydatina Ehrb., eye absent, H, scuta 0. F. M. (Fig. 244); Phinops Hudson, 
eyes two ; Notops Hudson, eye single. In HydeUina $enta there is a small 
styliferous pit on the dorsal surface with a strong nerve from the ganglion. 

Fam. 10. Notommatidae. Corona obliquely transverse; velum of interrupted 
curves and (lusters, usually with a marginal band surrounding the mouth; 
trophi forcii»atc ; foot furcate. Alhertia Duj., vermiform, entozoically parasitic 
in Annelida; 7\iphrocampa <iOs.se, Plciirotrocha Ehrb., without eyes; Notom- 
mata Gosse, not annulosc, cylindrical, with projecting tail ; auricles on head ; 
brain contains opa(iuc chalk masses, trophi virgate ; Copeus Gosse ; Proales 
Gosse; Furcuhiria Ehrb.; Ehrb. ; Digleina Ehih,; Distemma Ehrh. 

Sub -order 2. LOKICATA. 

With a stiffened, wholly or jwirtially enclosing shell ; foot various. 

Fam. 11. Rattulidae. Body cylindric or fusiform, smooth without plicae or 
angles ; contained in a lorica closed all round, but open at each end, often 
ridged ; trophi long avsymmetric ; eye single, cervicaL Generally subject to 
abnormal conditions. With tendency to asyminetrj, in mastax, antennae, toes. 
Mastigocerca Ehrb., toe as single style with accessory stylets; RaUulus Ehrb., 
toes two ; Coclopm Gosse, body curved, toes one broad plate with another laid 
iqK)!) it in a difl'erent plane. 

Fam. 12. Dinocharidae. Lorica entire, vase shaped or depressed ; sometimes 
facetted, often si)inous ; foot and toes often greatly developed ; trophi sym- 
metrical. Dinocharis Ehrb., foot and toes long, foot with spurs; Scaridium 
Ehrb., foot without spurs, toes long; Stepluinops Elirb., head with a wide 
circular shield. 

Fam. 13. Salpinidae. Body more or less completely enclosed in a firm 
lorica whicli is oj>eii at each end and divided down the back by a fissure whose 
sides are united by membrane ; two furcate toes always exposed. DiascHixa 
Gosse, Diplax Gossc, Salpina Ehrb., lorica with spines, trophi sub-malleate, 
eye single, cervical ; Diplois Gossc. 

Fam. 14. Euchlanidae. Lorica of two dissimilar plates, one dorsal and 
one ventral, united so as to form two couflueut cavities of which the upper 
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is muoli the larger; foot Jointed, furcate. Ewhlanis EUrb.; Caihypna Goase; 
Diaiyla Eckstoiin ; Mtmstyla Ehbg. 

Fsm. 16« Colniidse. Body enclosed in a lories, o|)en at both ends, closed 
dorsally, nsoallj open or wanting ventrally ; head surmounted by a chitinous 
hood ; toes two, rarely one, always exposed. Colicrus Ehbg.; Metqpidia Elibg.; 
ifoiium Ehbg.; MytUia Qoaae ; OochUare Goaae. 

Fam. 17. Ftarodiaidae. Lorica entire, various ; corona and velum those 
of the Fhilodinidae ; trophi malleo-ramate ; foot wholly retractile, transversely 
wrinkled, jointless, toeless, ending in a ciliated cup ; or foot absent ; (foot and 
trophi Rhnsotic, corona Bdelloidic). Pterodina Ehbg. ; Pomplwhjx Gosso. 


Fam. 18. Brachionidao. Lorica boxdikc, open st each end, and generally 

armed \?ith anterior and j>o.sterior 



spines ; foot long, very flexible, wholly 
retractile, wrinkled, ending in tw^o 
toes. Brachioniu Ehrb., lacustrine 
and marine ; NoUus^ Natholca Gosse ; 
Erelviia Goase. 

Order 4. Scirtopoda. 
Sioimming with velum, and skipping 
with arthropodous limbs / foot absent, 
Fam. 20. FedaUoxiidae. Six hollow 
limbs; head truncate, corona of two 
concave lobes, and velum as in Philo- 
dinidae; trophi malleo-ramate. Peda* 
lion Hudson (Fig. 246), one limb (the 
longe.st) ventro-median, another dorso- 
median, and two pairs of lateral limbs; 
and two stylate ciliated appendages on 
its posterior dorsal surface ; Jlexarthra 
Schmaixla, with three pairs of limbs 
attached to the ventral surface. 

Order 6. Sbisonaoea.^ 
Marine /ofins parasitic on Nebalia, 
The cloaca opens at base of neck in 
male, st hind end of body in female ; 
male otherwise like female. Intestine 
complete or blind. 

Fam. 21. Seisonidae. iSfsisoH GrUbe ; 
Paraseison Plato ; Saccobdella v. Ben. 
and Hesse. 


Fio. UO.---ChaettmotMs maximMi (after Bttt> 
aeiiliX veatad view. Cb row of cilia; Os 
oaao^iagiiB. 


OA8TBOTBIOHA.t 

Small aquatic orgmisms wUk a 
double ventral row of cilia, a euticle 


* 0. Oiaaii ‘^Ueb. die Organisation, eta, der Gattung Seison,** Festschrift 
z. F, dL fSj. Best, d. K, k, z, b. OeselMiaft, Wien, 1876. L, Plate, “Ectopar. 
i^tatorien d. Golfes v. Neai»el,'’ Naples Mil,, 7, 1886 

t O. &Unka, ** Die Gaatrotrichen,” JS. /• w» Z., 49, 1890. 
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often prolonged into S})inc8 mid hairs, a cerebral ganglion connected wUh the 
ectoderm and uith mouth and anus, 

Tho Gastrotricha (Fig. 250) are small fresh-water organisms of unknown 
affinities. They have a ventral mouth in front, a dorsal anus behind, and an 
alimentary canal presenting a muscular pharynx, stomach lined with a few large 
cells, and a rectum. The body cavity is indistinct, and if present ifi without 
epithelioid lining. There is no vascular system, and the excretory organs 
consist of two coiled tubes o][X}ning on the ventral surface, and internally ending 
in a ciliated i>ortion. The ovaries arc paired, and no oviducts have been observed. 
It is doubtful if they are hermaphrodite, and if a small median organ behind the 
ovaries is a testis. No male is known. There is only one kind of egg, found in 
summer as well as winter. The muscular system is highly developed, and 
in i>art in si>ccia]i/.cd miiscular liands. There are no transversely arranged 
muscular fibres. The cilia arc in two ventral rows, and a patch is found on 
tho head in tho neigh lK}ur hood of tho mouth. There is a dorsal ganglion in 
front which extends a little distance liack wards on each side. 

The marine forms, Hemidasys Clap, and Turhanella M. Sch., appear not to 
bo Gastrotricha. The former has a iwrcnchyma, a well-developed testis, vas 
deferens, and chi ti nous jKJiiis, and two small ciliated pits in front like Nemer- 
tincs and some Turbcllarians ; the ovary, nervous system, and excretory organs 
are unknown. In Tarbanclla the whole ventral surface is ciliated, and there is 
no chitinous cuticle ; and there are two ciliated pits. 

Section 1. Eniehthydina. 

With forked tail, and adhesive glandular apparatus. 

Fani. 1. Ichthydiidae. Skin either naked or beset with scales or papillae, 
never with spines. Ichthydium £hbg. ; LepHoderma Zelinka. 

Fam. 2. Chaetonotidae. Skin cither with spines or with spines placed on 
scales. Chaetanotus £hbg. ; Chaetura Metschn. 

Section 2. Apodina. 

Without caudal fork ; hind end either simply rounded, or lobed and provided 
witli tufts of hairs. Dasydytes Gosse ; Qo:sea Zelinka. 

ECHIirODEBIBAX.* 

These are minute marine animals with an elongated body, covered with a strong 
cuticle which is divided into segments, and an anterior protrusible spiniferous 
proboscis, at the apex of which the mouth opens. The anus opens at the hind 
end of the body. The cuticle is produced into bristles and spines. The central 
nervous system, which lies in the ectoderm, consists of a nerve-ring surrounding 
the pharynx and clothed with nerve-cells, and of a ventral cord wdth segmen tally 
an*angcd groups of ganglia. The alimentary canal consists of a muscular pharynx, 
a nou-muscular intestine, and a rectum. The excretoiy organs are represented 
by blind ciliated tubes, which open separately on the doi'sal surface. Tho 
animals are dioecious ; the testes and ovaries are paired tubes opening veutrally 
on either side of the anus. They occur in mud on the sea-bottom, and on marine 
Algae. 

* W. Reinhard, *' Kinorhyncha (Echinoderes), anat Bau u. Stellung im 
System,** Z, /. w. Z,, 46, 1887. 0. Zelinka, “Ob. Echinoderes,” Votn, 

ieutsehen Zod, OeseL, 1894. 
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The systematic |)osiiioti of these animals is very uncertain ; indeed, our know* 
ledge of their anatomy hardly justifies us in coming to a decision on the matter. 
In the publislied acoounts of their anatomy there is no descrijition of the 
vascular system, nor is the arrangement of the body cavity made clear. It 
would ap|iear, however, tliat the kidneys and generative organs are not connected 
wdth any other K|)ace, and it is |ios8ii>lc that tliey are to be regarded as coelomic, 
as the pixxiucts of two pairs of ooelomic chamliers (mesoblastic somites). If this 
should turn out to be a correct supposition, it would support the view that they 
are related to AnnelidH—atipfr which is prompted by the relations and segmenta- 
tion of the central nervous system. Echinodcrcs Duj. 



CHAPTER IX. 


The coelomata. 

The coelom, the possession of which characterizes all the remaining 
groups of the animal kingdom, is an organ of the greatest importance, 
and one the real nature of which has only recently been appreciated 
by anatomists. 

Formerly the word coelom was used as synonymous with body- 
cavity or perivisceral cavity, and no distinction was recognized 
between the body-cavity of the Arthropoda and the same structure 
in such forms as the Vertebrata. In fact, there are works on 
Zoology now in use in which the term coelom is applied alike to 
the blood-containing space of the Arthrojx)ds, and to the body-cavity 
of Annelids and Vertebrates, which is free of blood, and into which 
the generative ducts and kidney tubes open and the generative cells 
are dehisced. We now know that the organ called coelom, so far 
from being necessarily or primarily a body-cavity, may in some cases 
have nothing of that mcchanicid relation to the viscera which is 
implied in the conception of a perivisceral space. It is true that 
in the majority of cases a portion of the coelom does enlai^e, acquire 
a thin smooth wall, and enter into a relation with some of the more 
important viscera, a relation the purpose of which is apparently to 
enable the functional movements of the internal organs to take place 
with the least amount of friction and of resistance from surrounding 
structures. But there is one group, the Arthropoda, in which the 
coelom, though present and discharging important functions, develops 
no such perivisceral portion, and another, the MoUusca, in which the 
perivisceral portion is 8ometiraes,much limited, not extending to any 
other viscus than the heart. 

The functions which the coelom discharges in such cases, and the 
real nature and relations of the organ will be dealt with fully 
in the general part of this work; here we shall only consider the 
subject in its main outlines, and not being in a position to place all 
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the facts before the reader, our treatment of it must be more or less 
logmatic. 

The coelom presents tlie fullest and, what we may call most 
typical development in the dibranchiate Cephalopoda, Hero it is 
clivided into three parts, all of which communicate. These parts arc, 
(1) the genital sac or gonadial coelom, from the epithelial walls of 
which the reproductive cells arise ; (2) the viscero-pericardial sac or 
perivisceral coelom, which has the functions of a typical body-cavity 
for the heart and certain other viscera ; (3) the renal sacs or nophridial 
coelom, the epithelial walls of which secrete the nitrogenous waste, 
thus performing the functions of kidneys. 

As stated above all these sections of the coelom are in communi- 
cation, the gonadial with the viscero-pericardial, and the viscero- 
pericardial with the nephridial. Moreover, the gonadial and nephridial 
open directly to the exterior, the former through the generative ducts, 
and the latter through the nephridiopores. From this it would 
api)ear that the coelom, in addition to its mechanical relations, has 
two most important functions : the one of these is to bud out the 
reproductive cells, and the other to secrete the nitrogenous waste. 
These functions are always discharged by the coelom in the Coelomaia. 
In certain forms, e.^., Peripatus^ elasmobranch fishes. Cephalopoda^ 
some Gastropoda and the Annelida^ this is perfectly obvious ; but in 
most Arthropods, and in some Yertebrates and Molluscs it is a 
matter of inference, and might possibly be disputed by those zoologists 
who have not followed recent morphological research. We, however, 
have no hesitation in laying it down as a general law that in all 
Coelomata the functions of producing the reproductive cells and 
secreting the nitrogenous waste are discharged by this organ which 
wo now call Coelom. 

With regard to the origin of the coelom and its relation to other 
organs, we have here only the following statements to make. 

The coelom is derived from the enteron ; it is a part of the enteric 
cavity, which has, in all Coelomata^ lost its connection with that 
portion which constitutes the alimentary canal in the adult, though 
it has retained its connection with the enteron, thus showing its 
enteric origin, in the young stages of certain gi*oups, e.^., tlie 
Eehinoder'^nata, Chaetogvaihn^ Brachiopoda^ Enteropneiuta^ and in 
Amphioncus. In the one division of the Coelenterata^ viz., the 
Adin(^ba, there is an incipient coelom in the enteric pouches, on 
the walls of which tlie reproductive cells are foimed. The Coelen- 
ferata^ however, are not Coelomata; they have no organ distinct from 
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the enteron concerned with the renal and with the reproductive 
functions. 

The PlatyhehnintheSj Nemathelmintlies^ and Rotifera are also not 
Coelomata; or perhaps it would Ijc l>etter to say that they cannot 
be ranked as Codomata in the present state of our knowledge. It 
may be that in these phyla also, or in some of them, the progress 
of research will show that the renal and reproductive organs are 
enteric in origin, and are to be regarded as homologous with the 
coelom. 

It has already (p. 312) been pointed out that in the lower Tut- 
hellaria there is reason to believe, from a study of the adult structure, 
that the whole of the mesodermal parenchyma, of which the genital 
and renal organs arc part, is in reality a portion of the enteric wall. 

Finally, before leaving this subject, there is one more point to 
notice with regard to the coelom. In all metamerically segmented 
animals the coelom is the first organ to show segmentation in the 
embryo : it is the first organ to show that repetition along the long 
axis which constitutes metameric segmentation. In fact, we may lay 
it down as a general law that in metamerically segmented animals 
the coelom is not only the first organ to present segmentation, but 
is segmented from its very fii’st appearance, and that the subsequent 
segmentaticjii or repetition of other organs is evolved out of this 
primal segmentation. 

There are a few apparent exceptions to this law amongst certain groups in 
which the number of segments is very small, being, in fact, limited to three. 
These exceptions are the Brachiopoda, Chaetogyiathaf and the EchinodemuUa» 
In tlie first two of these groups the coelom is said to be separated off as a single 
sac on each side, which, presnmahly, subsequently l>ecomes divided into the three 
sacs characteristic of the adult (for qualitication with regard to Brachiopods see 
cha}»ter on Bmchiopoda), In the Echiuoderms there is some variation with 
regard to this point. 
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Phylum MOLLUSCA/ 


Bilaterally symmetriccd unsegmented animals^ with a ventral footy 
and usually with a radula, a mantle fold, and a univalve or bivalve 
calcareous shell. The central nervous system consists of a drcum- 
oesophageal ring with various ganglionic developmentSy and loth the 
haeinocoel and coelom contribute to the formation of the perivisceral 
cavities. 

The group Mol1ttsca\ with somewhat of its present limits was 
established by Cuvier (1798). Linnaeus had used the word before, 
but his group Mollnsca bore very little resemblance to that of Cuvier, 
and even Cuvier himself included in the cmbranchement ” a number 
of forms which are now known to have nothing to do with it. 
Cuvier’s Mollusca included the Cephalopoda^ the Gastropoda^ the 
Pteropoda, the Acyphala^ and the following groups now removed 
from them : the BrachiopodOy the TunicatOy and the Cirripedia. 

In many points the Mollusca resemble the Annelida, with which 
phylum they are clearly closely allied. The arrangement of the 

* J. Poll, ‘‘Testacea utriusquc Siciliae, eonimque liisloria et anatome,” 3 vols., 
Parma, 1791-1795. G. Cuvier, Mhnoires pour scrvir A Vhistoire et d VaricUomie 
des MollusqueSf Paris, 1817. G. B. Desliayes, **Histoire naturelle des MoUusqties 
{Exploration de V Algirie)y' Paris, 1844-48. R. Leuckart, “ Ueb. d. Morphologic 
u. d, Vcrwand. VerMlt, der JVirbellosen Thiere/' Braunschweig, 1848. Eydoux 
and Souleyet, “ Voyage auteur du monde sur la corvette la Bonite. Huhire •naturelle 
ZoologiCy* Paris, 1862. T. H. Huxley, “On the Morphology of the Cephalous 
Mollusca as illustrated by the Anatomy of certain Heteropoda and Pteropoda.etc./' 
Phil. Trans, y 1868. Bronn and Kofei*stein, **Die Klassen u. Ordnungen der fVei^- 
(hurSy^ Leipzig and Heidelberg, 1862-66. E. Ray Lankester, “ Contributions 
to the developmental history of the Mollusca,” Phil. Trans, y 1875. P, Fischer, 
^^Uwmal de Conchyliologie et de PaUorUologie conchyliologiquey Histoire nat. des 
Mollusgues vivants et fossileSy' 2 vols., Paris, 1887. P. Pelsencer, Introduction 
h Petuae des Mollusqucs,” Bruxelles, 1894. K. A. Zittcl, Bandhich der Palaeon- 
tdhgUy Abth. 1, Palaeozoologic, Bd. 2, Mollusca and Arthropoda, Munich and 
Leipzig, 1881*>86. S. P. Woodward, A Manual of the Molluscay Srd Ed., London, 
1875 # 

t For a diort literary history of the Mollusca, vide £. Ray Lankester's Article 
on MoUusoa in the last edition of the Encyclopaedia Britannicay and republisheil 
in Zoological ArticleSy*' London, 1891. 
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central nervous system as a circum-oesophageal ring, of which the 
sub-oesophageal portion may be pulled out into ventral cords; the 
presence of a more or less developed perivisceral portion of the 
coelom ; the dorsal position of the main vascular trunk ; and, finallyi^ 
the very general presence of a trochosphere larva, are all importanli 
characters, which point to a connection more close than that which 
ordinarily exists between groups of phyletic rank. 

On the other hand, the differences, which are also of great 
importance, must be noted. The Mollusca are almost entii*ely 
without the plienomenon of metamerism, which is so generally 
characteristic of Annelida. It is true that signs of this phenomenon 
are not altogether absent, for we find in Nautilus a twofold repe- 
tition of the gills, kidneys, and auricles, and in Chiton multifold 
repetition of the shell-plates and gills. But these are isolated 
instances, and not generally characteristic of the group. Moreover, 
so far as is known there is nothing in the embryo comparable to 
the repetition of the mesoblastic somites of the Annelids — the 
phenomenon by which the adult metamerism is preceded, and on 
which it is based. Finally, whereas in Annelids the perivisceral 
cavity is entirely furnished by coelom, and the haemocoel is almost 
completely canalicular; in Molluscs vascular sinuses are well developed, 
and in some parts of the body so large that they constitute perivisceral 
cavities to the organs in relation with them. Thus in MoUuscs part 
of the body-cavity is coelomic — ^^the portion called pericardial or viscero- 
pericardial — and part is haemocoelic ; but it must be carefully borne 
in mind that the coelomic portion of the body-cavity is entirely 
separate from the haemocoelic, and that, however much they may 
rppear to resemble each other in the adult, their relations and de- 
velopment are totally different. 

The asymmetry and distortion found in the class Oastropoda is 
i very interesting phenomenon, and in some respects comparable to 
the still more remarkable distortion from the original symmetry 
found in the Echinodermata, But the two phenomena differ in 
their mode of occurrence in certain important respects, which it 
may be desirable to point out. In Echinodeiinaia not only is the 
distortion completely carried out in every living member of the 
group, but a new symmetry has in all cases been obtained, and 
sometimes (certain Echinoidea) a second time lost. Therefore, in 
order to arrive at an understanding of the course which the dis- 
tortion has taken, we are entirely dependent upon embryology ; 
indeed, were it not for the knowledge gained by a study of the 
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development, we should not know that any departure from the 
original symmetry had occurred. In the Oastropoda^ on the other 
hand, not only is there one form in which there is no asymmetry 
at all, but the other members of the group present the distortion 
in various degrees, and in no living Gastropod has a new symmetry 
been completely attained. It is possible, therefore, by a comparison 
of adult forms to arrive at an understanding of the course by which 
the distortion in the most extreme members has been brought about. 

The Mollusca are unsegmented animals without jointed append- 
ages. The body is covered by a soft, slimy integument, bounded 
externally by an epithelium frequently ciliated and containing a 
considerable number of gland-cells. They lack both an internal 
and external locomotory skeleton, and are therefore especially suitc'd 
for life in water. But few of them are terrestrial, and wlnui 
this is the case the movements are always limited and slow; while 
the aquatic forms may be endowed with the power of rapid 
swimming. 

Beneath the epithelium is the dermal connective tissue, which 
consists of cells of various forms, branched cells, elongated fibre- 
cells, and especially characteristic are the vesicular cells, which 
sometimes secrete and contain calcareous concretions or spicules 
{Pleurohranchs^ and some N'lidibranchs). This tissue contains 
blood-spaces, the filling of which with blood may cause a turgescent 
swollen condition of that part of the integument. Sometimes it is 
condensed, and forms the cartilage of the Cephalopoda, the skeletal 
tissue of the branchial filaments of Lamellibranchs, the shell of the 
CyrnhvXiidae. 

The muscular fibres are generally non-striped. There is often 
an appearance of striation in consequence of the aiTangement of 
the granules, muscles of buccal mass, of heart, columellar 
muscles of the larvae of some Nudibranchs, etc., and in some cases 
the fibres are more distinctly cross-striped, e.<7., portion of adductor 
muscles of Pecten. 

The dermal muscular system plays an important part in the loco- 
motion of these animals, especially that part of it which is placed 
on the ventral surface of the body. In this region it is greatly 
developed, and gives rise to a more or less projecting locomotory 
organ of very various shape, the foot (Fig. 264). 

The foot always consists of an unpaired median structure, which 
is sometimes divided into several parts, and may possess, in addi- 
tion,, paired lateral lobes — the epipodia. 
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Tn most Mollusca — the Cr.phalophora as opposed to the Acephala 
01 * LamvUihvanchiata — tlic anterior part of tlie body is marked off 
as a distinct head, and bears the moutli, tentacles, and special 
organs of sense. The dorsal part of the ho<ly behind the head 
constitutes the main mass of the animal, and is called the visceral 
sac. Tlic integument of the visceral sac constitutes the manile or 
2 )aUiuniy and is nearly always folded near the junction of the 
visceral sac with the head and foot. This fold is the mantle-fold^ 
or i)allial-fold, and the groove enclosed by it is the mantle groove^ 
or pallial-groove. Tlie mantle-groove contains the gills, anus, and 
renal opcuiings, and is nearly always deeper in the neighbourhood 
of tliesc structures than elsewhere, thus constituting the mantle- or 
2 )allial-cavity proper. The outer surface of the mantle generally 
secretes a calcareous though this structure may, by secondary 

modification, be absent in the adult. The head and foot are 
attached to the shell by paired and symmetrical muscles in the 
Placophora, Scaphoj^oda, Lamellibranchiata (retractors of the foot), 
and Cephalopoda (retractors of the head and funnel) ; and in Gastro- 
poda by a single muscle — the columellar or spindle-muscle. 

The central nervous system consists of a circum-oesophageal ring 
with a uniform coating of nerve-cells, or the latter may be specially 
aggregated into ganglia — the cerebral or supra-oesophageal, and the 
pedal or sub-oesophageal. In some forms the pedal or ventral 
portion of this nerve-ring may extend as a pair of long cords into 
the foot {Chiton^ Haliotis^ etc.). Sometimes there is a second circum- 
oesophageal commissure connecting the cerebral and pedal, and pro- 
vided with a ganglion — the pleural. These various ganglia give 
off nerves— the cerebral to the head, cephalic sense organs and 
lips, the pedal to the foot, and the pleural to the mantle and 
gills. 

In addition to this somatic system, as we may call it, there is 
the visceral system, which generally consists of two commissures 
with ganglia in their course. Of these there is (1) the stomaio- 
gastric commiseure^ which starts on each side from the cerebral, 
and is completed ventrally to the oesophagus; the ganglia upon 
it are called the buccal^ and supply the buccal mass and stomach; 
and (2) the visceral commissure^ which starts on each side from 
the pleural, and is completed posteriorly ventml to the intestine. 
The ganglia upon this commissure vary in number in different 
forms, and are called the visceral. They innervate the intestine, 
vascular, renal, and reproductive organs. Tlie stoinatogastric and 
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visceral commissures very frequently anastomose {Cephalopoda^ 
Gastropoda). 

Tactile organs. In addition to the general sensibility of the 
skin there are tentacles on the head, or in the Acephala on the 
mantle-edge. The olfactory sense is partly discharged by the ten- 
tacles, and partly by the osphradia, which are sensory patches of 
the mantle epithelium near the base of the gills, and are innervated 
by nerves from the visceral commissure. The eyes have generally a 
complicated structure; there are usually two on the head, and in 
rare cases they are found on the mantle-edge {Acephala\ and even 
on the dorsal surface (Chiton, Onchidium)i\ 

Auditory organs, or organs which, from their structure, are 
supposed to have that function are very generally present. They 
have the form of otocysts, provided with sense-hairs on their 
internal walls, and containing one or more otoliths. They are 
usually paired, and lie either on the cerebral or pedal ganglia. 
They are, however, said to be always innervated from the former. 

The alimentary canal (absent in two parasitic forms, Enioconcha 
and Entocolax) is always provided with a mouth and anus. The 
mouth is always at the front end of the body, on the head in 
the Cephalophora, and the anus opens into the mantle-cavity 
behind, excepting in Gastropods, in which the mantle-cavity is on 
the front side in consequence of the torsion of the visceral sac. 
Three parts can be distinguished — (1) the stomodaeum, consisting 
of buccal cavity and oesophagus; (2) the mesenteron, consisting of 
stomach and intestine; and (3) the proctodaeum, which is very 
short in most forms, even if it can be distinguished at all. 

The buccal cavity is absent in Acephala (Lamellibranchs) ; but 
in the other forms, which may be called Odontophoi^a, it forms 
a chamber with muscular and cartilaginous walls, which receives 
the salivary ducts, and has on its floor an apparatus called the 
odontopliora. This consists of a toothed chitinous ribbon — the 
radula, a pair of cartilaginous pieces beneath the buccal floor, 
and a sheath in which the ribbon is formed (for detailed descrip- 
tion see under Gastropoda, p. 356). There is usually an extensive 
liver opening into some part of the mesenteron. 

The relations of the perivisceral or body-cavity, in the formation 
of which the coelom and haemocoele take varying parts, have already 
been described, and will be dealt with again in detail under the 
various classes. 

The vascular system forms a completely closed system. Even 
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in casos when some of the vessels open out into Uoge places, which 
surrouml some of the viscera and form a true periTUsoeial cavity, 
tlion; is no communication with the coelom, or with any other 
organ, or with the exterior. The so-called atjuiferem canals, when 
l)rescnt, do not lead into the blood system, but merely into spaces 
ill the integument. 

The heart consists of a median ventricle, and of two lateral 
auricles (four in Naniilus^ one in most Gastropoda); it is placed 
on tlie dorsal surface in the pericardium (except in Anamia and the 
Octopoda). As already hinted the ventricle is merely a portion 
of a longitudinal dorsal vessel (the rest being formed by the aortae) 
comparable to the dorsal vessel of Annelids. 

'Fhe arteries bmnch, but, except in Cephalopoda^ in which capil- 
laries ai'e found, they end in sinuses amongst the ofgans^ from 
which the blood passes into the large veins; these eondnet the 
Itlood to the gills, part or all of it passing through the kidney on 
the way. In many cases the blood in the mantle pomea directly 
to the heart without traversing the gills. 

The blood is either colourless or of a slightly Hoe tinge, dne to 
the pi(?sencc of haemocyanin (an albuminoid pigment containing 
copper). In rare cases it is red owing to the presence of haemo* 
glol)in in the plasma {Planorbis), or in the corpuscles (Solenogoitres^ 
some Lamcllibranchs). 

A lymphatic gland consisting of a fmmewoik of oonnective 
tissue, in which blood corpuscles are formed, is often present on 
the course of the aorta. 

Respiration is in all cases carried on through the gmeral outer 
surface of the body, but in addition special respiratory organa in 
the form of branchiae or of lungs are generally ptesentw 

The branchiae are projections (often ciliated) of the body surface, 
and are usually placed in the mantle-cavity. Very gmieraliy they 
have a certain form designated by the term Ctenidhma A etenidium 
is a branchia consisting of an axis attached to the body and bearing 
two rows of projecting lamellae. Although not always found, the 
etenidium is the typical Molluscan gill, and is always contained 
tlic number of one, two, or four {Nautilus) in the mantieHaivity. 
In the Chitonidae only are the ctenidia more nuraeiuiis than four* 
The gills may have other forms {Nvdibranchiata), and in the 
terrestrial forins are absent altogether, the mantle-cavity having 
assumed a form and structure suitable for aerial respiration* 

The excretory organs, often called the organs of Bnjanus, are 
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special portions of the coelom, and as such are nearly always in 
free communication with other parts of the coelom. In Nautilus 
alone are they isolated. The glandular tissue of the excretory 
organs is arranged in various ways in different forms (for which 
see accounts of separate groups). The forms in which the nitro- 
genous waste is got rid of is said to be guanin in Cephalopods, 
uric acid in many Opisthobranchs, and urea in Lamellibranchs, 

The pericardial or viscero-pericardial division of the coelom also 
often contains glandular tissue, which constitutes the pericardial 
gland, 

Beproduction is always sexual, and no cases of parthenogenesis 
are known in the phylum. The power of reproducing lost parts, 
whether cast off voluntarily or lost accidentally, is considerable — 
parts of the foot and its appendages, siphons of some bivalves, doi*sal 
papillae, etc., of some Nudibranchs, cephalic tentacles, arms of 
Cephalopoda; and very often the. part reproduced may bear organs 
of a complicated kind, eyes, suckers, etc. But this power of 
reproducing lost parts is never so great — so far as is known — as to 
lead to the complete formation of a new individual from the part 
removed from the body, i.e., asexual reproduction is unknown in 
the group. The hermaphrodite condition is fairly common. 

The genital glands, however much they may be modified, are 
always to be regarded as portions of the coelom. This fact is 
perfectly obvious in the ScaphopodUy and in some Lamellibranchs 
and Oadropoday in which they open into the renal division of the 
coelom; and in the Solenogastres and Cephalopoday in which they 
open into the perivisceral part of the coelom. But in the majority 
of Lamellibranchs and Gastropods it is not so obvious; but there 
can be no doubt of this being the real, if modified and concealed, 
relation, when such forms are compared with others in the same class 
in which the two organs communicate ; and further, it must not be 
forgotten that in some Lamellibranchs, and in Paludina amongst 
Gastropods, the genital cells can, in their origin in the embryo, be 
directly related to the coelom. 

Development. We cannot here enter into details of the develop- 
ment; the greatest variety prevails from the large meroblastic eggs 
of Cej)balopoday through viviparous forms such as Paltcdinay to 
the immense majority of forms in which the eggs are small, and 
the young hatched at an early stage as a larva. The larva always 
has the trochosphere form, and soon acquires a shell-gland on its 
dorsal, and a rudiment of the foot on its ventral surface (Fig. 268 ). 
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The velum at the same time becomes drawn out into lobes, and 
we get the well-known veliger larva. A point to notice about the 
development is that the blastopore often assumes the form of a slit 
which may completely close, or close behind and remain open in 
front as the mouth, or less often close in front and remain open 
behind as the anus. 

The Molhisca are essentially aquatic animals, and especially 
marine; only a few live on land, and these seek damp situations. 
They are one of the largest and most diversified of anhnal groups, 
and appan5ntly liave always been so since the earliest fossiliferous 
periods, for all of the great groups are represented in the Palaeozoic 
period, and a Helix^ or a form allied to Helix and belonging to the 
most specialized of Mollusca is now known even from the Car- 
boniferous. 

At the present day about 25,000 species are known; they are 
distributed over the whole surface of the earth, and are found in 
the sea to a dejith of nearly 3000 fathoms. Their habits of life 
are most various; there are parasitic forms, Entoconchay EvHmoLy 
EntocolaXy Entovalvay StUifeVy Thyca (all on Echinoderms) ; com- 
mensals (e.f/., Montacuta)] fixed forms {VermetuSy Odrea); pelagic 
forms; and creeping foims, the latter constituting the majority. 

Their duration of life, where known, varies from one to thirty 
yeai-s ; the Pulmonates generally live two years, but the garden-snail 
has been known to live five years. The oyster is adult at about five 
years, and lives to ten years. The Anodonta do not arrive at sexual 
maturity till five years, and live for twenty or thirty years. 

The following is the classification of the Mollusca adopted in 
this work : — 


CiAss I. LAMELLIBRANCHIATA. 
„ II. SCAPHOPODA. 

„ III. SOLENOGASTRES. 

„ IV. GASTROPODA. 

Sub-class 1. IsOPLEURA. 

,, 2. Anisopleura. 

Order 1. Streptoiieura. 
Sub-order 1. Aspidoftranchia^a, 
Tribe 1. Docoolossa. 

„ 2. Rhipiooglossa. 

Snetion A . Zygobranchiata. 

„ R. Azygobranchiata. 

Sub-order 2. Pectinihranchinta. 
Tribe 1. Ptenoclossa. 

,, 2. Racii.gi.ossa. 


Cl^ss IV. GASTROPODA-Contiatitti. 
Trite 8. Toxoolossa. 

„ 4. Taxnioolossa. 

Section A, Platypoda. 

„ R. Heteropoda. 

Order 2. Euthyneura. 

Sub-order 1 . Opisthobranchiata, 
Tribe 1. Teotibranchiata 

(includes Pteropoda). 
„ S. Nudibramchjata. 

Siib-oider 2. Pulnumata. 

Tribe 1. Basommatophora. 

„ 2. Stylommatophora. 

Class V. CEPHALOPODA. 

Order 1 . Dibranchiata. 

„ 2. Tctrabranciiiata. 
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Glass L 

T.AimMllttAW OmATA» (PELECTPODA. LIPOOEPHALA). 

BymmeMedl MMuzca without head or odontophore; with bilobed 
mantle^ hiwtbm Adly and wucdly lamellate gills. 

The name rf tibis class f is taken from the form which the gills 
present in most members of the group. The fresh-water mussel 
Anodcnta eygnea is a typical member of the class. 

The mantle-fold is in reality a continuous annular fold of the 
dotsal integameiii;^ but in connection with the lateral compression 
of file hodj it i« especially developed on the two sides of the 
ammal into a and left lobe. It is, therefore, usually described 
as being bilohed. The mantle secretes over the whole of its outer 
snrf^ a eiitknlar covering, which becomes calcified everywhere 
except in the domal middle line, forming the two pieces, or valves^ 
of which the shell is composed. In the dorsal middle line it 
remains as an mskcalcified elastic membrane — the Iduge ligament — 
which connects together the two valves of the shell. The latter 
are rarely exadfly alike; nevertheless, the term iinequi valve is 
only applied to those shells in which the asymmetry is very 
marirnd and the valves can be distinguished as an upper and 
lower* In andh forms {Ostreidae) the lower valve is the larger 
and more aidhod, while the upi)er is smaller and flatter, closing 
up the eoncarily of the lower after the manner of an operculum. 
Hie two tsIt^ of the shell are in contact dorsally, where they 
ate also coonectod by the ligament. This line of contact may be 
emnj^icatod hf fl»e presence of interlocking hinge-teeth. The liingc- 
edge with the ligament is, therefore, to l)e distinguished from the 
free edge of Iho shell, which is divided into an anterior, ventral, 
and poatetior (!«qj>honal) edge. The anterior and posterior edge 

♦ €L Caricr^ **VMstoire et Vaiiaiomie des Molhisqncs,** Paris, 1817. Bojaniis, 
^^Udbwdfe Krcislaufswerkzeuge der zweisclialigen Muscljolii,” IsiSf 

l$\7f Itesliayes, “Histoii-e Naturelle des Mollusques*’ (Exploration, 

4e 8. Lov<Sn, K. VeL Akad, llanlgr, Stockholm, 1848. 

Tkaailifdl m db® Jbreh. /. Naturgcsch,^ 1849. Lacaze Duthiers, Ann, des Sc, 
MaL l$$4'liiL. M. .and A. Adams, “ The Genera of recent Molluscci^'" London, 
IMg-USA I*, ^^Conchologica ieonica^^ London, 1846-1858. R. H. Peck, 

**Thr fliiaalhr ttiumTifinirr of the Gills of Lsmellibranch Mollusca,” Quart, J, Mic, 
SeLf mi WS7.. K. Mitsukuri, “ Structure and Significance of .some aber- 
laat team m LanidlHbranchiate Gill," Quart, J, Mic, Sci,, xxL, 1881. P. 
Tthu mr^ ^CMv^inttion u 1' etude des Lamellibranches,^’ Arch. d. Biologie, xi., 
IM* F- P d k tt O OMi ;, Introduction a Vitude d€% MollusqueSy' Bruxelles, 1894. 

t Hbiwedafis ttittiiigjpear to us to be any sufficient reason for altering this well- 
(slatMtol aaowe m favour of the less suitable, but perhaps more symmetrical 
tenp, Fffoyiidls juniKeKvs, an axe). 
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may generally be determined by the fact that the hinge-ligament 
is posterior to the two (nates\ wliich have the form of 

two lx',ak-likc promiucnccs projecting over the dorsal edge of tlic 
shell (Fig. 250 v)^ and indicate the point {aptx) where the 

development of the valves began. The area (c) is behind the apex, 
and includes the dorsal posterior side of the shell. The i)art of the 
doi’sal edge in front of the apex is usually shorter, and contains, 
at least in the cquivalvc species, an excavation, the lunula (Fig. 
250 bin, /), by mcians of wliich the anterior edge can at once be 
recognized. Tlie apex in some forms (Isocardia, Diceras) is spirally 
twisted. 


A 



B 


Fio. 250 Mi.— Dorsal view of «liell of LvHna 
p&nnsylvanica. All anteropoaterior «xi«; 
CD transverse (right aiul left) axis ; I 
lunula ; u uiubo ; d ligament ; c area ((h)in 
Perrier, after Fischer). 



Flo. 251.— a, Moctra elliptioa In ita ahell ; 
5, inner surface of left valve of Mactra 
so'iila. KIS dorsal siphon (cloacal or 
exlialent); KS ventral siphon (branchial 
or inhalent) ; P foot ; VM impression of 
anterior adductor muscle; HM impres- 
sion of posieiior adductor muscle; Ml 
pallial Hue ; Mb pallial indentation. 


The hinge-teeth arc placed ventral to the umbo. They generally 
consist of cardinal teeth placed below the umbo, and of anterior 
lateral teeth in front of, and posterior lateral Ijehind, the umbo. 
Hinge-teeth are entirely absent in some genera Anodonta^ 

Ostrea). 

The ligament is an elastic structure, and is so arranged that it 
is either stretched or compressed when the shell is closed by the 
action of the adductor muscles. In the former case it connects 
the two valves on the dorsal side of the hinge-line (Fig. 250 bis), 
and is said to be external; in the latter it is on the ventral side 
of the hinge, and is called internal. 
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While the outer surface of tlic shell presents various sculpture 
markings, the inner surface is smooth and shines with the lustre 
of mother-of-pearl. On a closer examination impressions and pits 
become visilde on the inner surface. A narrow line, the so-called 
mantle or pallial line (the line of attachment of the pallial 
muede of the mantle-edge to the shell), is placed near and 
fairly paiallel to the ventral edge of the shell (Fig. 251). In 
the siphoned forms this presents posteriorly a bend directed 
forwards and upwards {Mb) — the pallial hay or indentation {Sinu- 
palliatas). 

This curve in the attachment of the mantle-edge permits of the 
siphons being contained within the shell when retracted. Impres- 
sions are usually caused by the insertion of an anterior and 
posterior addudor musde which pass through the body transversely 

from one side to the 
other, and are attached 
to the inner surface of 
the shell (Fig. 251). 

While in the equi- 
valve mussels {Ortho- 
concha) the two im- 
pressions are usually 
of equal size, in the 
unequivalve forms(P/ea- 
roconcUa) the anterior 
adductor may be re- 
duced, and even com- 
pletely vanish, in which 
case the posterior 
adductor has a rn^^ch larger size and shifts forwards to the middle oi 
the shell. Hence the names Dimyaria and Mono my ana. 

Chemically the shell consists of carbonate of lime and an organic 
matrix (conchyolin), which usually has a laminated texture. In 
addition to this laminated layer there is also a thick external 
calcareous layer composed of large, pallisade-like prisms, which are 
placed side by side and may be compared to the enamel of teeth 
(Fig. 253). Finally, on the outer ^^urface of the shell there is a 
homy cuticle, tlie so-called epidern^ or periostracum. 

The internal laminated layer is called the nacreous or mother-of- 
pearl layer; it lias an iridescent lustre, and is secreted by the 
whole surface of the mantle. The middle layer is called the 
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prismatic layer. It and the periostracum ai-e secreted only by the 
free edge of the mantle. 

The whole of the shell is a cuticular formation of the epi- 
dermis, and its growth is effected in two ways: (1) by additions 
to the nacreous layer whereby the shell increases in thickness; (2) by 
additions to the prismatic and horny layers, whereby it increases 
in superficial extent. Accordingly the outer coloured part of 
the shell, which is com- 
posed of vertical prisms 
and the horny cuticle, 
when once fonned does 
not increase in thickness; 
while new concentric layers 
are continually being added 
to the colourless nacreous 
layer during the whole life 
of the animal. It is this 
nacreous secretion of the 
mantle surface which, when 
thrown down round foreign 
objects which have worked 
their way in between the 
mantle and the shell, in 

the so-called pearl oysters 263.—Vertical section through the shell and 

, . \ mantle of Anodoiita (after Leydig). Cu cuticle or 

\M6l6(XQT%n(l) and to a less horny layer (periostracum); 5 prismatic layer; Bl 

extent in other forms laminated nacreona layer (mother-of-pwrl) ; Bp' 
, . V . external epithelium of mantle; Bd connoctire 

yJJniO^ MavgaritanCLjy gives tissue of mantle; Ep" internal epithelium of 

rise to pearls. 

In some cases the valves do not meet ventrally, but always gape {Pfioladidae^ 
Gastrochaenidaef etc. ). In exceptional cases the valves are fused dorsally (Pinna), 
The edges of the mantle are folded back over the shell in the Oaleommidae 
and in Eatovalva, In some gaping forms the parts of the body projecting 
beyond the shell secrete accessory pieces. Such pieces may be independent 
of the shell, as in the case of the dorsal pieces of Pholaa (Fig. 270), and the 
calcareous tube with which Teredo lines its burrow (Fig. 271), or fused to 
the shell, as the calcareous tube of Arpergillum (Fig. 272). 

The skin consists of a slimy, one-layered epidermis, beneath 
which lies a highly vascular connective tissue traversed by 
abundant muscular fibres. The epideimis on the outer surface 
of the mantle consists of columnar cells; while on the inner sur- 
face the cells composing it are ciliated (Fig. 253). Pigments are 
present principally upon the edges of the mantle, which are 
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thickened and frequently folded and beset with tentacles, papillae, 
and eyes. 

A liead, properly so-called, is absent in this class, the parts of 
the body in the neighbourhood of the mouth being devoid of 
sense-organs. These are placed mainly on the mantle edges, whicli 
are the jmrts of the body in closest relation with the external 
medium. 

The edges of the mantle may be entirely free from each otlicr 
(tliose forms in wliicli the gill-filaments are not connected to the 
mantle, and in which there is no concrescence of the mantle-lobes, 
c.//., Nucvla^ the Anomiidae^ Arcidae^ Trigoniidae^ Pecimidae); or 
they may be united to one another indirectly by the attacliment 
of the branchiae, Unionidaey Ostreidac) or they may bo fused 
with one another in one, two, or three places. Wlien there is 
only one fusion it separates off the opening of the cloacal or supra- 
branchial chaml^er from the general mantle-oi)ening {Mgtilidaf^^ 
Fig. 256, Oarditidae^ Astartidae^ Cra^satellidae^ most of tlie Luci- 
nidae^ etc.). When there are two fusions — as there are in Yuldia 
and Letla^ and in most of the Kulamcllibranchs, and in Septibranclis 
— the one separates off the cloacal opening as in the forms witli 
one fusion, while the second is near the first, aiul with it 1 rounds 
an oj^ning adjacent to the cloacal oiKJiiing. This socoml opening 
is the branchial opening; it leads into the general manthj-ebamber 
(Carrf/Mm, Fig. 255). In such fonns there is a third opening-— tlio 
pedal opening— -in front of the second fusion, through which the foot 
can be protruded. The size of the foot-opening is in inverse pro- 
portion to the extent of tlic second fusion. When the second fusion 
is much elongated, there may Ixj a fourth opening between tlio 
pedal and branchial orifices {Solev^ Lutraria^ and some Anatinacea). 
In some cases, at any rate, this fourth opening is in relation to 
the byssus, for in Lyonsia the byssus filaments project through it. 
The further forsvards the fusion of the two mantle-loljcs extends, 
the more marked becomes a peculiar elongation of the posterior 
mantle region round the inhalent (branchial) and cxhalcnt (cloacal) 
openings — an elongation of such a nature that tAvo contractile 
tub^ or siphons (Fig. 251) become formed (especially in lx)ring 
and burrowing bivalves). These may be so large that they cannot 
be drawn between the posterior edges of the gaping valves of 
the shell. The two siphons are often fused with one another,, 
but the two canals, with their openings surrounded by tentaSefe, 
remain separate. In the most extreme cases the siphons aie 
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enc^iously enlarged and the posterior region of tlie body is 
peculiarly elongated and uncovered by the rudimentary shell; so 
that the whole animal acquires a vermiform appearance, the shell- 
bearing anterior part of the body constituting the head {Teredo^ 
Fig. 271). 

In cases in which there is no fusion the hind end of the edges of 
the mantle lobes often presents two slight contiguous excavations 
{^Anodonta^ Fig. 254), the ventral of which is bordered by numerous 
papillae. When the two halves of the mantle are applied together 
these excavations form, with the corresponding structures of the 
opposite side, two slit-like openings placed one above the other. 



Fir, 2o4.— Anatomy of Vnio jnctorum (after C. Grobbeu). A region of mantle lobes bounding 
. the cloacal or cxhalent orilico; Af Cg cerebral ganglion; D intestine; E region of 

mantle lobes buunding the inUilent or branchial orifice; F foot; G generative organs; 
11 A i>ostcrior aorta ; Jlk ventricle ; HS posterior adductor muscle ; K branchiae ; KrS crys- 
talline style; L liver; M stomach; Mg splanchnic ganglion; MS labial palp; Mt mantle; 
N kiilney ; 0 mouth ; P pericardial gland ; Pg pedal ganglion ; Va anterior aorta ; Vh auricle; 
VS anterior adductor muscle. 

The dorsal of these two openings functions as the cloacal (exhalent) 
opening, the ventral as the branchial (inhalent). So that in such 
cases, though there is no actual fusion, functionally two siphons are 
present as ill the siphoned forms. 

The most important of the muscles attached to the shell are 
(1) those of the edge of the mantle : these are attached to the 
pallial line of the shell, and serve to retract the edges of the mantle; 
the siphoual muscles which serve for the retraction of the siphons 
are a specialized portion of this system, and arise from the pallial 
indentation. (2) The adductors which pass from valve to valve of 
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the shell. These are typically two in luiinbor {Dimyaria\ hut in 
some forms the anterior adductor is smaller than the posterior 
{Mytilua\ and may l)e al)sent altogether {Monomyaria^ as in Ostrea^ 
Pecten^ etc. (Fig. 252). The adductors sometimes consist of two 
parts of a different aspect : the fibres of one of these i)arts arc said 
to be transversely striated, and capable of rapid contraction, those 
of the other being smooth, Init this lias been denied. (3) The 
anterior and posterior retractors^ which are specialized portions of 

the adductors, servo 
for tlio retraction of 
the animal into the 
sliell ; and the pro- 
tractor M’liich i>asses 
from its attachment 
just heliind the ven- 
tral portion of the 
ant(‘rior adductor. 

The foot, which 
often contains some 
of tlie viscera (intes- 
tine, liver, and gon- 
ad), is completely 
absent in compani- 
tively few forms, and 
only in those which 
have lost the power 
of locomotion {Os- 
trea, Anomm, Teredo^ 
etc.). In many 
forms, principally in 
the larva, less fre- 
quently in the adult 
(Myfilus^ Fig. 256), the foot possesses a byssus gland, which secretes 
silk -like fibres, by which a temporary or permanent attachment 
of the animal is effected. The form and size of the foot vary 
very considerably, in accordance with particular kinds of locomotion. 
The foot is most frequently used for creeping in sand, and is then 
hatchet- shaped ; in other cases it is spi*ead out laterally, and its 
creeping surface has the form of a disc. More rarely it is of a 
large size and bent, in which case it is used for springing movements 
in the water {Cardiuniy Fig, 255). Some Lamellibrauchs possess a 



Pio, 256.— ADatomy of Cnrdium tuhercnhttum (after 0. Grob- 
bon). A exhalent siphon; A auriclo of heart; A/ anus; 
D intestine ; E inhalent siphon ; F foot ; G generative 
organ; Got generative opening; HS ])Ostcrior adductor; 
K gill of right side ; L liver ; M right lube of mantle ; Mg 
stomach; N kidney; 0 mouth; <5^ right valve of shell; 
V ventricle ; VS anterior adductor muscle. 
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linear cluh-sliapod or cylindrical foot (Solen^ Soleminya)^ and move 
by rapidly retracting it and ejecting water through the sijdions. 
Many use the foot for burying tlicmseivcs in mud; others bore into 
wood {Teredo\ or haixl rock (PholaSf Lithodomus, Saxicava, etc.), 
for which purpose 
they push them- 
selves against the 
rock with their 
short blunt foot, 
and use the hard 
and often serrated 
edge of their sliell 
as a grater, giving 
it a rotatory move- 
ment. According to 
Hancock, the foot 
and edge of the 
mantle at the an- 
terioi’ edge of the gaping shell are beset with silicious crystals, and 
eliect the excavation of the rock after the manner of a file. 

The protraction of the foot is duo to its turgescence by blood ; its retraction 
to the retractor ninsclcs. An aquiferous pore by which the vascular system 
connuuiiicates with the exterior does not exist. 

The byssus-gland opens by a pore in tlio middle line of the foot. It is 
well-developed in the adult in Anomia, Area, Myiilus, Avicula, Pecten, 
Saxicava, Lymsia, Tridacna, Dreissena, etc. In Anomia the byssus passes 
through a hole in the right valve, and is calcified. 

The nervous system presents three pairs of ganglia, the cerebral 
(supra-oesophageal), pedal (sub-oesophageal), and visceral ganglia 
(Fig. 257). In Nucula (Fig. 258) there is, in addition, close to 
the cerebral a i>air of pleural ganglia; these are connected with 
the pedal by a pleuro-pedal connective which, however, joins the 
cerebro-pedal connective before it reaches the pedal. In Solenomyaj 
in which there is also a pleural ganglion, the pleuro-pedal con- 
nective is fused with the cerebro-pedal throughout almost its whole 
extent. In all other Lamellibranchs a pleuml ganglion is not 
present ^ a distinct ganglion, but is in all probability fused with 
the cerebral, which must, therefore, be regaided as a cerebro-pleural 
ganglion. The visceral ganglia are on the hinder part of the 
visceral loop; they are usually placed on the ventral side of the 
posterior adductor muscle. 


# 



Fio. Viij.—Myfxlvs edulis nttaclieil by iU byssus to a piece 
of woo(* (after Meyer and Moebius). 
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Since there is never a distinct head and sense-organs are not present upon 
the anterior part of the body, the cerebral ganglia are but slightly developed. 
They supply mainly the regions round the mouth and the anterior i»art of 
the mantle, to the margins of which two large nerves jmss. They also send 
fibres along the cerebro-pedal connective to the otocysts. The two ganglia 
arc frequently (Unio) far removed from one another laterally, and are some- 
times approximated to the anteriorly * 
placed p^al ganglia {Peden\ the nerves 
of which supply the ventral region of 
the body. The pedal ganglia are reduced 
when the foot is atrophied. 

The visceral ganglia innervate the 
viscera, the gills, the heart, and the 


Vir 

Fio. 258. — Dorsal view of nervous 
system of Nncula^ the middle part 
of the foot Is represented by dottijd 
shading (after Pelscneer). I pleural 
ganglion; II pleuro-pedal connective; 
III coinbinod pleuro-pedal and cerebro- 
pedal connective; IV nerve to the 
otocyst ; V pedal ganglion ; VI visceral 
Fio. 257.— Nervous system of the pond mussel ganglion ; VII posterior pallial nervo ; 

Anodonta (after Keber). 0 mouth ; A anus ; VIII osphradium ; IX visceral coinmis- 

K gills ; r foot ; Se labial palps ; Gg cerebral sure ; X otocyst ; XI canal from otocyst 

ganglion ; Pg pedal ganglion ; Vg splain Imfc to exterior, and XII its external open- 

(visceial) ganglion ; G gem rati ve gland ; Oe' ing; XIII cerebro-pedal connective; 

external opening of generative gland; Ot" X/F anterior pallial nerve ; JTF nerve 

o]>euing of kidney. to palps; XVI cerebral ganglion. 

f 

posterior part of the mantle. The nerves supplying the latter are two large 
trunks which run in the edge of the mantle, and anastomose with the mantle 
nerves from the cerebral ganglia. Largo nerves also pass from the visceral 
ganglia to the siplions, at the base of wliieh they form a pair of accessory 
ganglia. 





LAMKTiUBRANCHIATA. 


S33 


Sense organs. Auditory, visual, tactile, and probably olfactory 
organs are present. The auditory organs have the form of paired 
otocysts placed in the foot. They are apparently innervated from 
the pedal ganglia, or from the cerebro-pcdal connective close to the 
pedal ganglion, but the nerve fibres really arise in the cerebral ganglia. 
They contain one or more otoliths, and are lined by hair-cells and by 
ciliated cells. In the Protohranchiata (Fig. 258) they open to the 
exterior by a fine canal, and contain foreign bodies (fine grains of 
sand). 

Eyes, when present, are placed on the edge of the mantle : they 
may cither be simple pigment spots at the end of the respiratory 
tube {SoIeUy Venus), or they may be more highly developed and 
placed along the edges of the mantle in Area, Pectunculus, Tdlina, 
and especially in Pecten and Spondylus, In the two latter genera 



Fio. 259.~Openings of the siphons of Cardium eJxUe (from Perrier after Mobius). 


they aro placed on stalks between the marginal tentacles, and have 
an emerald-green or brown-red colour : they consist (Fig. 260) of an 
eye-bulb with a corneal lens, choroid, iris, and a well-developed layer 
of rods, into the external ends of which the optic nerve (from the 
circumpallial nerve) passes. The sense of touch is specially localized 
on the exposed parts of the body, i,e, on the edges of the mantle 
and round the openings of the siphons. In these regions there are 
very generally present papillae, cirri, or even tentacles (Fig. 259). 

The olfactory sense is supposed to reside in the so-called osphra- 
dium, which is a pigmented patch of epithelium placed one on each 
side close behind the gills (in the roof of the supra-branchial chamber 
near the visceral ganglia); it is innervated from a small ganglion 
placed close to the visceral on the visceral commissure, in which its 
nerve -fibres run from their origin in the cerebral ganglion. 
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Many bivalves, especially littoral forms, are highly sensitive to light. This 
is due to the presence of pigmented cells with a refractile cuticle on the edge of 
the mantle ; these may be aggregated, os in Arca^ into groups, and so assume 
the form of a comiX)uud eye. In Area some of the eyes have the form of pits 



Fio 2C0.7-Axial section through the eye of Peeten (from Lang after Patten), c cornea; 
I lens ; ep pigmented ectoderm ; g layer of ganglion cells ; r retina ; st layer of rods of 
retina ; d tapetum ; e pigment ; /sclerotic ; n optic nerve, n, and n, its two branches. 


of the skin, while in others the sensitive surface is convex towards the light, 
and the eye forms a slight projection on the surface : the latter are on the type 
of compound eyes. In Peeten and Spomhjlus the eyes are much more complex 
(Fig. 260 ). They are placed at the end of short tentacles at the edge of the 
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mantle, and the sensitive surface is concave ; the light being refracted on to it 
by a cellular lens. Further, these eyes are constructed on the so-called verte- 
brate type, the optic ner* o entering the retina on the side turned towards the 
light and running back to the rods, which are on the inner side of the retina. 

Alimentary canal. The mouth is at the front end of the body, 
and ventral to the anterior adductor when tliat is present. It is 
placed on the median bridge, which connects the two labial palps 
(Fig. 263). These latter structures are extensions, so to speak, of 
tlie margins of the mouth. Tliey are usually bilobed at the end 
remote from the mouth, and marked by a median groove running 
from the cleft between the peripheral lobes to the mouth. Their 
surface on each side of the median groove is marked by transversely 
directed grooves leading into tlie median groove. The whole sur- 
face is richly ciliated, and they are to be looked upon as food- 
procuring organs wliich create currents of water, carrying the 
floating particles of wliich the food of these animals consists to the 
mouth. Jaws and tongue are always absent. The mouth leads liy 
a short oesophagus into tlie stomach, at the pyloric end of wliich 
there is sometimes a blind sac. A rod-like transparent structure 
{crystalline style) is often present in this diverticulum of the 
stomach, or in the alimentary canal itself. The significance of 
this structure is doubtful, but it is a secretion of the alimentary 
epithelium, and is probably to he regarded as a reserve of nutri- 
ment, for it is periodically renewed. The liver or hepato-pancreas 
surrounds the stomach, and opens into it by a duct on either side ; it 
also extends into the foot. The intestine is of considerable length, 
is much coiled, and is surrounded by the liver and gonads; it 
projects into the foot, and then ascends again behind the stomach 
to the dorsal surface, where it enters tlie pericardium and passes 
through the ventricle. After leaving the ventricle it passes dorsal 
to the posterior adductor muscle to open at the end of a short 
papilla into the cloacal chamber. 

Vascular System. The heart, which is contained in the pericar- 
dium and lies in the dorsal region slightly in front of the posterior 
adductor, consists of a median ventricle and two lateral symmetri- 
cally placed auricles. The ventricle is continued as an anterior 
aorta dorsal to the intestine, and a posterior aorta ventral to it 
The ramifications of the aortae lead the blood into a complicated 
system of lacunae in the mantle and in the interspaces between 
the viscera. These represent the capillaries and finer venous vessels. 
From them the blood passes into the large venous sinuses, the 
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chief of which are two lateral sinuses placed at the bases of the 
gills and a pedal sinus leading into the large median sinus or 
vena cava in the floor of the pericardium. The coume of the 
circulation, though it cannot be certainly determined, seems to l)e 
somewhat as follows : the blood from the mantle, which acts as 
a respiratory organ, returns directly to the heart; of the rest of 
the systemic blood, part is supposed to go direct to the gills, and 
thence to the auricles ; the bulk of it, however, is probably collected 
into the vena cava, whence it passes through blood spaces in the 

adjacent kidneys to the gills, and 
thence to the heart. There is a valve 
at the junction of the main pedal 
sinus with the vena cava, which closes 
during the turgescence of the foot. 

The blood is generally colourless, though 
in some forms it has a bluish tint owing 
to the presence of hacmocyanin. It contains 
amoeboid cells, and in Solen leginnen and 
Area none discoidal corpuscles cluirgcd with 
haemoglobin, which gives the blood* a red 
colour. 

The relation of the ventricle to the rectum 
varies in different forms. As a rule tho 
rectum perforates the ventricle, but it passes 
dorsal to it in Arcaj Nucula^ and Anoniia, 
ventral to it in Teredo and most species of 
Ostrettf and has a tendency to the latter 
arrangement in Pinim^ Pema, and Avicula, 
The vascular system does not communicato 
either with the exterior or with the peri- 
cardium. 

In Area (Fig. 261) there are two ven- 
tricles, and each gives off a single artery, 
which divides at once into an anterior and 
posterior vessel ; the two anterior arteries 
fuse to form a single anterior aorta, and 
the two posterior unite into a posterior 
aorta. 

In Ostreidae (Fig 262) the auricles have partly coalesced, though their outer 
portions have remained distinct. 

Organs of respiration. The Lamellibranchs possess two ctenidia 
attached to the ventral surface of the body, one on eitlier side of the 
foot. In the simplest cases (Protobraiichiaia) the ctenidium has the 
typical Molluscan form (Figs. 263, 264 A ) ; that is to say, it consists 
of a vascular axis bearing two rows of hollow lamellate processes or 



Fio. 261.— Dorsal view of Area noae 
Removed from the shell (after 
Grobben). The double pericardial 
cavities P are opened, and the 
rectum D turnetl forward. VS 
anterior, HS posterior adductor 
muscle ; VR anterior, HR posterior 
retiactor ; V ventricie ; A auricle ; 
Ao anterior, Ao' posterior aorta; 
N kidney. 
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fiLimeuts, The axis projects freely posteriorly, and the filaments are 
directed transversely in Nucula and Leda^ while in Sohnomya one is 
directed clorsally and the other ventrally. In the FiUWanchiata the 



Flo. 2G2.— Heart of Os(rfa 
iiiftgi»illed (after Poll, 
froin Pelseneer). / ftiscd 
auricles ; 11 atferent 

vcin.s; III ventricle; IV 
aorta. 



Fio. 263.— Ventral view of NvciCa (after 
Desliayes, from Perrier), a anterior 
a Idnctor muscle ; h ctenidium ; d 
imsterior adductor; { labial [Alps; 
m internal surface of mantle ; o pos* 
torior appendage of palps ; p foot. 


branchial processes of the ctenidial axis have the form of filaments 
(Fig. 264 B)j which project ventrally into the mantle cavity ; more- 
over, they are bent upon tliemselves in such a manner that the reflected^ 
portion, or ascending limb, is external in tlie case of the filaments of 


ABC® 



Fio. 264.- Series of (liagrams of transverse sections, illustrating the different arrangement of 
the gills in LAmeliibranchs. A,Protobranchiafa. if, Filibranchiata. C, BulainellibranchiaU. 
D, Septibranchiata. 2 mantle; 2 body; 3 foot; A suprabranchial cavity; S branchial 
(mantle) cavity ; e outer plate or filament of ctenidiom— descending limb ; e, ascending 
limb of e ; i, 1, the con*e8poiiding parts of tlte inner filaments of ctenidium; e pores In i the 
branchial membrane of the Sei^ibranchicUa (from Lang)^ 


338 


MOLLUSOA, 


Jkt^ 


the outer row, and intemal in the case of the inner filunients. The 
a4jaceiit filaments of the same row, botti in their descending and 
ascending limbs, axe held together hy the inter- 
locking of some espeeially long cilia (Fig. 265, r/); 
and the ascending and descending limbs of the 
same filament are in some cases united by fusion 

of tissue at 





certain points, 
giving rise to 
the so - called 
interlamellar 
concrescences 
(Fig. 266, Hj). 
Further, the 
ends of the as- 
cending or re- 
flected limb of 
the outer fila- 
ments may be 
united to the 
mantle, or may 
be free (Fig. 
264 B, (7), and 
similarly the 
ends of the as- 
cending limbs 
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Ffo. MS.—TimMrcne Mtslm tfibrough the a»- 
eeiHliagAfti dMeeBd^liiiaM two adjacetit 
gimatUMBU te Feck), llie 

two jltnifti M CfiiiiiMfltiea (by a' ciliary 
jmeUm la the mpfitr fuft <ar the figure. 
be biodd<«or|piMelie; xA (cWInouf layer; cj 
dtkarf jomeUm; xsp csutiluaiail promioence 
wtUcS eatfilM tao dSte Junction ; 

ft IhMitel epHbfhtm ; tee teeuinr <vascuUr) 
tlBiiio; W lattBii»4bmA^ <c)|iinitinttin with 
loagdMi; memiwsm (ft ^xume. 


of the inner 
filaments may 
be free, or 
those behind 
the foot may 
be united with 
their fellows a- 


cross the middle 

line, thus formiiiig a which cuts off a supra- 

bianchial efaambeir ifitioiiii tftte general mantle cavity. 

In sli the EidmsbdXiitmii^ and in a few of 
the PseudiideiiMdlili^^ {Ostreidae^ Lima^ Pinna, 
ete*), the laments of the same row, 

in both their Am iimited at c^^in points liy interfilamentar 

vaseukr eotteeaseenees {lag. 267). Hie filamentous diameter is still 


4/»r4 

Fio. 20«,~One flli- 
iiieiit of the gill of 
Mytiliu (after Peck). 
JU descending limb. 
fol ascending limb of 
the filament; ifj in- 
terlainellar concres- 
cence; tp posit’on 
of interfilamentar 
ciliary Junctions. 
The ascending limb 
ends freely in a hook- 
like manner. The 
apex or angle of the 
filament is grooved. 
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obvious, but lK>th the cicsccnding and aseending limbs of adjacent 
lilanieuts are contioctcd so as to form a kind cf ircllis-like mem- 
brane, the ascending liml)s into one membfsme and the descending 
limbs into another. Between tlio porons membranes so formed 
is contained a space, which communicates with the general mantle- 
chamber by the 


pores left be- 
tween the fila- 
ments where the 
latter have not 
undergone these 
interfilamentar 
concrescences. 

In this way 
the Eulamclli- 
branch condi- 
tion, in wliich 
there appear to 
be on each side 



two gills, each 
composed of two 
lamellae, is ar- 
rived at. A very 
similar condition 
is presented by 
the Filibmnchs 
and some Pseiulo- 



lainellibranchs, 
the difference 
being that in 
these groups the 
lamellae of the 
gill break up at 
the slightest 
touch into their 
constituent fila- 


Fig. 267.— Tieces of transvereo »eetiie»« Ui« Immehiao of 

Anodonta (ftom Lang, after A oictCT, B timer gill In 

each section the two lamellae abumrn w connected together 
by the interlamellar coDcrescene«% wfttiek are formed by the 
8ub-fllainontar vascular tissue# im B, The ioterflfamentar 
concrescences are effected by the same tifeocu In C. which is 
a part of B more magntfled, thie tltmm ie nisrked U, lae, and ot; 
and the filaments with their frootsl •pithdtnni and their ehiti* 
nous tissue ch, and rods chr, ol onlcr Ismells ; U inner lamells ; 
V bloo<l vessel ; o/ subftlamentar tieene ; /aismrats ; ch cbitiuoiis 
tissue of filaments ; chr si>ecial'ly condemned chitinoiia rod in ch; 
lac subfllameutai* tissue. 


ments, because tlie filaments are only held legerUier by the inter- 
locking of cilia; whereas in the fonner the lamellae are coherent, 
because the filaments (which are still perfectly "obvious) are held 
together by continuity of tissue. Further, in the Eulamellibranclis 
the outer lamella of the outer gill has undergone concrescence with 
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the mantle (Fig. 264), and the inner lamella of the inner gill with 
its fellow across the middle line behind the foot. In this way a 
septum ia, formed which divides the mantle cavity into a dorsal part 
— the suprabranchial cavity, and a ventral — the general mantle cavity. 
These two cavities communicate by the pores in the gill lamellae, and 
in many forms along the sides of the foot where the inner lamella 
of the inner gill may end freely, not having undergone concrescence 
with the foot. In some fonns the inner lamella of the inner 
gill is joined to the base of the foot in front, but not behind. 
The part of the suprabranchial cavity within the gill lamellae is 
broken up by vascular strands which connect the himellae, and 
which result from the interlamellar concrescences already referred 
to. In the siphoned forms the median septum resulting from 
the fusion of the inner lamellae of the inner gills across the 
middle line is continued into the siphon, and causes the division 
of that tube into a dorsal or exhalent channel, which communicates 
with the suprabranchial chamber, and a ventral or inhalent which 
communicates with the general mantle-cavity. 

In the Septibranchiata (Fig. 264 D) the gills are represented by 
a muscular septum which is perforated by a certain number of pores, 
and which, being fused with the mantle and foot and being con- 
tinuous across the middle line behind the foot, completely divides 
the mantle-cavity into a dorsal and ventral part. 

The filaments of the gills are always clothed with an epithelium, 
which is in part at any rate ciliated. The cilia are specially long on 
the so-called latero-frontal cells (Fig. 265), and in the Filibranchs and 
Pseudo-lamellibranchs on the ciliated discs of the ciliary junctions. 
The filaments are moreover stiffened by a dense chitin-like connective 
tissue, which in the Filibranchs forms a tube (Fig. 265) lying just 
beneath the epithelium and surrounding the central blood space 
(which is often divided by a septum) ; and in the Eulamellibranchs, 
on the other hand, this chitinous supporting substance has the form 
of two stout rods lying side by side in the filament part of the gill 
(Fig. 267 C), the vascular tissue being mainly contained in the 
internal outgrowths of the filaments, wdiich have brought about 
the interfilamen'tous and interlamellar concrescences (Fig. 267, of, 
ilf laCf and oZ). 

Amongst the Eulamellibranclis we find some |>ecu1iar modifications of the 
outer gill. In Tellina it is directed dorsally; in the Awtthmcm it is directed 
dors&lly and the outer lamella is absent ; in Lucum it is absent altogether. 

In Pseudolamellibranchs and some Eulamellibranchs the gills are folded along 
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dorso- ventral lilies^ each fold including a certain number of filaments. The 
filament at the re-entering angle of each fold is stronger than the others. 

Summary and additional details of gill-structure. The successive filaments 
of the same iw are united (a) by the cilia of the lateral cells {Nuculidae^ 
Soleiumyidae, Anomiidae ) ; (b) by the cilia of the ciliated disks of the ciliary 
junctions {Arcidae^ Trigoniidae^ 3fyHlidae, Avicula, Pecten^ and Meleagrina ) ; 
by vascular interfilamentar concrescences {Lima, Ostreq, Pinna, and all Eula- 
mellibranchs). Interlainellar concrexences, i,e. fusions between the ascending 
and descending limbs of the same filament, or between the lamellae of the same 
gill, are absent in Aiumiidae, Arcidae, Trigoniidae ; they are present in a non- 
vascular form {i.e, consist only of epithelium and connective tissue) in Mytilidae, 
Pectinidae, and in a vascular form in Pseudolamellibranchs except Pectinidae, 
and in Eulamellibranchs. Finally there are forms like Lima with non- vascular 
interlamellar concrescences and vascular interfilamentar junctions. 

Concrescence of the gills with the mantle and with those of the opposite side, 
is absent in Numlidae, SoUnennyidae, Arcidae, Trigoniidae, Pectinidae, In 
Anomia there is concrescence between the two branchiae, but none with the 
mantle. In all otlier Lamcllibranchs they are fused to the mantle by the 
ascending limb of the outer filaments, and to their fellows across the middle 
line by the ascending limb of their inner filaments behind the foot. 

Excretory system and pericardium. The pericardium is a dorsal 
median chamber enclosing the heart (except in Anoinia). There are 
two nephridia — the so-called Oiujam of Bojanm. These usually have 
the form of twisted tubes, more or less dilated in certain parts, and 
opening at one end into the pericardium and at the other to the 
exterior on the ventral surface of the body on each side of the foot. 
The part of the tube which opens into the pericardium is generally 
lined with yellow or dark-coloured glandular tissue, which secretes 
concrements containing calcareous matter, uric acid, and guanin. The 
kidneys of the two sides communicate in some forms. In Oatrea the 
glandular part of the kidneys is a branched gland ramifying on the 
fiurfacei of the visceral mass. 

The pericardial glands are differentiations of the epithelial lining 
of the pericardium. They may be placed on the auricles, to which 
they impart a yellow colour, or near the auricles at the anterior end 
of the pericardium. 

Generative organs. The sexes are, with a few exceptions (some 
species of Pecten^ Ostrea^ Cardium, and the genera Cyclas, Pisidium^ 
Poromya, Eniovalva), separate, and except in some species of Unto 
do not present external differences. The generative glands lie 
amongst the viscera, and have the form of lobed or racemose glands, 
which are placed near the liver, surround the windings ^ the 
intestine, and extend into the base of the foot, and in some forms 
into the mantle lobes {Mytilua). The testis and ovary can often bo 
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distinguished from one another by their colour ; the ovary being red, 
and the testis milk white or yellow. In the Protoh'anchs the 
generative glands open into the kidney near the pericardial opening ; 
in the Anomiidae and Peciinidae also into the kidney, but nearer 
the external opening. In Ostrea^ Cyelas^ and some LucinidaB 
they open with the renal duct by a common opening. As a rule, 
however, the two organs (renal and genital) open separately, 
but close together, on the external side of the visceral commissure 
(Fig. 257). 

In the hermaphrodite forms the ' whole gland may be herma- 
phrodite even to the ultimate acini, which produce ova and 
spermatozoa simultaneously or alternately {Ostrea edtdis and plicaia ) ; 
or the male and female follicles may be separate, and open together 
by a common duct (species of Pecten and Ct/clas)^ or by separate, 
ducts leading to separate openings (Poromyay Anatinarea), Herma- 
phrodite individuals are sometimes met with in tlie fresh-water 
mussels — Unio and Anodonta. 

Bevelopinent. The ferlilization of the egga is sometimes effected in the 
branchial cavity, and the first juirt of the development often takes place in 
the mantle cavity, or between the lamellae of the inner {Cydas) or outer gill 
(IMiOy Anod(rtita) as in a brood-pouch; sometimes it takes place outside the 
mother (Pecteiiy dioecious Oslreaey Mytilus^ in all of whicli artificial fertilization 
is possible). In Ostrea edulis it is effected in the oviduct. The egg is surrounded 
by a vitelline membrane with a micropylar aperture at one point. 

The segmentation is unequal (Fig. 268), the fonnative pole being opposite to 
the micropylo. The gastrula is generally formed by epibole, rarely by invagina- 
tion. The blastopore sometimes remains open, e,g, Ostrea^ or closes, e g, Cyclas^ 
TtrtdOy but the mouth is formed almost immediately by an ectodermal invagina- 
tion at the same point. The stomach, liver, and intestine are formed from the 
eudoderm, and the proctodaeum is established later as an ectodermal invagination 
after the shell has been formed. 

The embryo, whicli is partially ciliated and often rotates within the egg- 
niembraues, soon acquires a preoral ring of cilia and a shell-gland (Fig. 268). 
The latter is on the side opposite to the blastopore, and gives rise to a pellicle 
which is calcified from two symmetrical points, thus forming the rudiments of 
the two valves (Fig. 268 c) The cuticular shell remains nncalcified in the middle 
dorsal line, where it gives rise to the ligament. An ectodermal invagination, 
giving rise to the byssus gland, is almost always formed at the hind end of the 
foot, even in forms which are without a byssus in the adult The anterior ad- 
ductor appears before the posterior. Among the provisional arrangements the 
TclUL, as the preoral ciliated ring is called, is very generally present, and in 
the firee-swimming larvae has the form of a large ciliated ring or collar ; a pair 
of larval eyes provided with a lens may also eiist within the velar area. 

The gills appear as filaments, one by one from behind forw^ards in the posterior 
part of the larva between the mantle and the visceral mass. A pair of larval 
kidneys has been observed in some groups (Fig. 268 d, N). They consist of an 
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internal part, having the form of a ciliated canal, and of a fmperiicial part which 
opens externally on the posterior and ventral aide of the cephalic region {Cyclas, 
Teredo), 

The development of the fresh-water forma (Oyelas^ Unio, AtiodorUa), in which 
the eggs and embryos are contained in well protected brood-pouchea, may be 
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Fin. 268.->84age8 In the development of the larva of Teredo (after IlatRcbek). F/i ectoderm ; 
An cndodcriii ; Me mesoderm, a, median optical section of an embryo with two tiieHodvnn 
cells Mi end two endoderm cells JSn, b, ciliated embry o with mouth 0, atoiiiach, intestbic, 
shell-gland Sdr and shell 8 c, later stage with anal invagination if, apical plate Sp, and 
more extensive shell S. d, Trochosphere larva of Teredo, 0 mouth ; A anus ; Prw preoral 
ciliated ring or velum; Pow poatoral ciliated ring; N larval kidney or pronepliroa (liead- 
kidney); Ot otocyst ; Pg pedal ganglion ; Mi ineiodrnu. 


called direct. The marine Lamellibrancbs on the other hand are set free at an 
early stage and swim about for a long time as larvae with large umbi'clla-like 
vela, from which the labial palps are developed. 

The Unumidae have a somewhat complicated development.* The eggs are 

* Schierholz, 0 . ** Ueber die Entw. d. Unioniden/* Dmkochn k, Akad, 
m Math, Naturw. Bd. 45, 18S9. 
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laid in spring or suminery and pass into the space between the lamellae of the 
inner gill, and thence into that between the lamellae of the outer gill at the 
posterior end of the gill» where these spaces communicate. In this space they 
remain as in a brood-pouch, and undergo the first stages of their development. 
These take two months. They then cease to develop, and pass tlie winter in the 
brood-pouch. In the following spring they pass out by the exhalent orifice 
under the larval form, known as Glockidium (Fig. 269). This possesses a bivalve 
shell with hooks in the middle of the ventral edge of the valves, a single 
adductor (the anterior), and a byssus thread which appears to arise just l>ehind 
the adductor. They swim by snapping their valves, and attach themselves to 
the skin (gills or fin) of a fish, in which they become embedded. Here they 
remain as parasites from two to five weeks, and undergo further development ; 
but they are not fully formed for some time after leaving their host The gills 
grow, and the external lamina is not deve]oi>ed till the third year. Sexual 
maturity is not attained till the fifth year, and growth continues later. 



Fio. 260,— Ventral view of the Glochiclium of Anodonta (from Pelseneer after Scliierholtz). 
a bnneh of setae; h visceral ganglia; c stoniodeal invagination; d ciliated i»at€h ; 
€ enteron ; / lateral pits ; g hooks on the edge of the valves ; h byssus filament ; 
i the single adductor. 

The Lamellibranchs are all aquatic animals, for the most part 
marine, but a few are fresh-water. They feed on microscopic, 
mainly vegetable organisms (Diatoms, etc.), which float in the water, 
and are conveyed to them by currents set up by the cilia of the 
mantle-chamber. The Septihranchs alone are carnivorous. A great 
many forms live partly or wholly embedded in sand or mud, procuring 
food and water and getting rid of waste by their siphons which 
project at the surface. Many are sedentary, being attached to 
foreign objects by their byssus, or by one of the valves of their 
shell {Ostrea, Spondylm). Some are borers into wood {Teredo) or 
into stone {Lithodomus, Pholcu, Clavagellq). Some build nests by 
means of their 'byssus {Lima)', while some are commensals — Modio- 
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laria niarmorata in the test of Ascidians; Vulsella in sponges; 
Montacuta on Spataiigids ; Entovalva is parasitic in the oesophagus of 
Symyta. Some species are very active, leaping by aid of their foot 
{Cardium^ Tellina^ etc.); some are crawlers {Cydas^ La$aea)j and some 
swimmers, by flapping the valves of their shells {Peden^ Lima). 

The LauieUibrancJiB are found in all parts of the world to the 
numl^er of more than 5000 species. They have been found to a 
depth of 2900 fathoms. They have a wide distribution in the 
earlier periods of the earth’s history, being known since the Silurian. 
Their fossil shells are most excellently preserved, and they are of the 
greatest importance as chamcteristic fossils for the determination of 
the age of formations. 

Order 1. Protobranchiata. 

The gilUJilarmnts are platcdike and not reflected^ and the mantU-eavUy is not 
divided into two parts. 

Tho mantle has an hypo-branchial gland external to each gill ; the foot has a 
ventral plantar surface, and the byssus gland ia but slightly developed. The 
nervous system has a distinct pleural ganglion ; the otocysts are connected with 
tlie surface by a tube. Tho sexes are separate, and the genital glands open into 
the inner end of tho kidney-tube. 

Fam. 1. Knonlidae. Palps large, with }) 08 terior appendage (Fig. 268). 
Nncula Lain., heart dorsal to rectum; Leda Schumaoher, heari traversed by 
rectum, mantle with two siphons; Yoldia Moll. 

Fam. 2. Solenomyidae. The i)al2>9 are not bilobed ; in each gill one row 
of filaments is directed dorsal ly, the other ventrally. Mantle lobes fused, 
having a single posterior opening, and one anteriorly for the foot* Solenomya 
Lam. 

Order 2. Filibranchiata. 

The gill-filavients are reflected, and nnited by ciliary junctions. The foot 
usually with a well-developed byssus apparatus. 

Sub-order 1 . AHOMIACEA. 

Asymmetrical ; posterior adductor large; heart dorsal to rectum, and causing 
projection into mantle-cavity; the reflected limbs of the inner filaments are 
fused across the middle line with their fellows; genital glands open into kidney, 
and that of right side extends into mantle. 

Fam. 1, Anomiidae. Anomia L., byssus calcified, passing through a hole in 
the right valve. Flactina Brugui^re. 

Sub-order 2. ABCACSA. 

Symmetrical; mantle open; both adductors well developed; gills without 
interlamellar junctions ; renal and generative openings separate. 

Fam. 2. Aroidae. Edges of mantle with compound pallial eyei. Pectuneulus 
Lam., Limopsis Sassi ; Area L., heart dorsal to rectum (Fig. 261). 

Fam. 3. Trlgoniidae. Trigonia Brugui^re. 
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Snb.order 3. MTTILACEA, 

Symmetrical; mantle-lobes fused posteriorly; anterior adductor smaller tlmn 
posterior; a single aorta; gUl-lilamonts with interlaiiicllar junctions; genital 
glands extending into the mantle, and o))eniDg by the side of the kidney 
openings. 

Fanu 4. Mytilidae. Mussels. Attached by the byssus fibres of the tongue- 
shaped foot MyiiluB L. ; if. edulis L. (Fig. 256), edible mussel of North Sea 
and Baltic ; Modiolaria Lov^n ; Modiola Lani. ; Liihodomtis Cuv. ; L, daclylua 
Sow., Mediterranean (Temple of Serapia at Pozzuoli). 

Order 3. PsEUDOLAMBLLlimANCHIATA. 

Mantle enHrely open; gille folded and Jilavicnt at recrUrmU angle of fold, 
modified; inUr^mentar junctions effected by cilia led discs or vascular con^ 
ereeeenee. 

Foot 'feebly developed ; anterior adductor usually absent ; the auricles 
communicate with one another ; the branchial filaments have intcrlaniellar 
concrescences ; genital glands open into or near the kidneys. 

Fam. 1. Avicnlidae. Byssus-apparatus well developed ; shell usually un- 
equivalve, dorsal margin straight and often long ; ascending limbs of outer 
g^-filaments fused to mantle. Avicula Klein (Fig. 252) ; Pinna L. ; Pema 
diugui^re; Meleagrina Lam. ; if. margarUifera L., pearl-oysters, Indian Ocean, 
Persian Golf, and Gulf of Mexico ; Malleus Lam. ; Vulsella Lam. 

Fam. 2. Ostreidae. Byssus absent; fixed by shell; outer gill-filaments fused 
to mantle ; shell unequivalve, fixed by left valve. Ostrea L. Oysters. Shell valves 
unequal, laminated, with weak hinge usually without teeth, single somewhat 
ven^lly placed adductor muscle. In the true oysters the more arched left 
valve is firmly attached, while the right and upper valve, which is fastened 
by an internal ligament, lies as an operculum on the lower valve. Edges of 
mantla fringed, not fused ; gill lamellae fused with mantle and across the 
middle line. Foot absent or rudimentary. They usually live together, and 
form banks of considerable extent Found in the Jura and the Chalk. 
Ootrea edulis L., on the coasts of Europe on rocky ground ; probably 
includes a number of different species accoxding to the locality. According 
to Davaine, the oysters are said to produce only male sexual pn^ucts towards 
the end of the first year, and it is not until later, from the third year 
onwards, that they became females and produce ova. Moobius, on the con- 
trary, asserts that the sperm is the later fanned, and not until after the 
pregnant beast has got rid of her eggs. The reproduction takes place especially 
in the months of June and July, at which time in spite of their extraordinary 
fertility the oysters should not be gathered. In the American oyster (0. 
^rginiana) and the Ponuguese oyster (0, angulata) the sexes arc separate. 
The green oyster owes its colour to its food— a diatom Navicula ostreariaf 
The colour is confined to its gills and labial palps, and is said to be due 
to selective absorption of the pigment from the blood. It is, however, iK)ssible 
that the diatoms may adhere to the surface of the gills and pal})s, and be 
consumed by phagocytes or other cells. This suggestion requires testing. 

Fam. 8. Pectinidae. Byssus absent or feebly developed ; shell riblied ; 
mantle-edge tentaculiferous ; a duplication of mantle-edge folded internally; 

* Ray Lankester, Q, /. M, S., 26, p. 71. 
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generally with emerald -green pallial eyes; outer gill-filanients free. Some are 
fixed hy one valve, and some can swim by opening and shutting their valves. 
Peettii Lam. ; Pedum Brug. ; Hinnite^ Defr. ; Spondylm L. ; Lima Bmgui^re. 
Pectens, the Scolloi^s are edible; they swim by Upping their shells; Spondylm 
is attached by one valve. 

The Bimyidae are allied here. 

Order 4. Ettlambllibranchiata. 

Interfilamentar and Merlamellar {vascular) concrescences always presenL 

The inantlcdobes are connected together either by direct fusion or by the 
gills ; the genital glands have independent external openings. 

Suborder 1. SnBMTTILAOSA. 

Mantle generally widely open, usually with one fusion; osoally without 
siphons. 

Fam. 1. Carditidae. A single mantle-fusion ; foot keeled, often byssiferous. 
Cardita Bnigui^re. The families Astartidae and Crassatellidae are allied here. 

Fam. 2. Cypiinidae. Foot long and bent ; two mantle-fusions ; papillose 
orifices; umlmnes often spiral. Oyprina lAm. ; Isocardia lam. 

Fam. 3. lucinidae. The external gill sometimes absent ; foot vermiform 
without byssus. Lucina Brugui^re (Fig. 250 his) ; Axinus Sowerby ; Montacuta 
Turlon ; Corhia Cuv. ; Dlplodonia Br. ; Ungulina Daudet 

Fam. 4. Brycinidae. Foot byssiferous or with ventral surface enlarged. 
Kellya Turton ; Lepton Turton ; Lasaea Leach. 

Fain. 6. Oaleommidae. Foot with furrow, mantle edges reflected over the 
shell. Ocdeoiiima Turton ; EphipodonJta Tate. Chlamydoconeha Dali without 
adductor muscles, and Scioheretia Bernard with only one gill on each side, have 
an internal shell and are allied hero. 

Fam. 6. Cyrenidae. ' Foot uon-byssiferous ; two siphons usually not united ; 
hermaphrodite, viviparous, fluviatile. Cyclas Brugui^re; Pisidium Pfeiffer, 
siphons united ; Oalatea Brug, ; Corbicula Mulbf. 

Fam. 7. XTnionidae. Fresh -water mussels. Foot long, compressed, without 
byssus. Anodonta Lamarck (Fig. 257) ; A. cygnea Lam., in ponds ; A, anaiina 
L., in rivers and brooks; Unio Pliilipsson (Fig. 254); Margaritana Schom., 
river pearl- mussels ; Mycetopus d'Orb., America. Mutda Scop., and Pliodon 
Conrad, Africa, are allied here. 

Fam. 8. Aetheriidae. FluviatOe forms without foot, usually fixed by one 
valve. Aetheria Lamck., Africa. 

Fam. 9. Drelssenidae. Foot cylindrical, byssiferous, two siphons, JDreis^ 
sena v. Ben,, fresh- water. 

Sub-order 2. TXLLIVACXA. 

Mantle well open ; gills smooth ; siphons well developed, separate ; foot 
compressed, elongated ; palps laigo. 

Fam. 10. Tellinidae. External gill directed dorsally; siphons much elongated, 
Tellina L. ; ScrobictUaria Sohnmacher ; Semele Schum. ; Oasiraina Schnm, 

Fam. 11. Bonaoidae. External gill directed ventrally ; siphons separated, 
Donax L. 

Fam. 12. Maotridae External gill directed ventrally; sijdions united. 
Maetra L., clams (Fig. 251). 
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Sub order 3. YENXRACSA. 

Gills slightly folded ; foot compressed ; siphons generally short. 

Fam. 13. Veaeridae. Foot tonguc-sliaj)ed ; siphons more or less united, 
Ventts L. ; Tapes Megerle ; Dosinia Scop.; Uytherca Lam.; Lucinopsis Forb.; 
Venerupis Lara, The Fetrieolidae (rock-borers) are allied here. 


Sub order 4. CAEBUOSA. 

Gills much folded ; foot cylindrical, more or less elongated ; generally without 
siphons. 

Fam. 14. Cardiidae. Cockles. Foot long, bent, without byssus; pallial 
orifices contiguous, with short siphons surrounded by papillae. Cardiim L. 
(Figs. 255, 259) ; ffemkardiuni Cuv. 

Fam. 15. Tridaonidae. Foot short, byssiferous ; pallial 
orifices apart; posterior adductor only. Hippopm Lam.; 

Tridaena Brugui^re, 

Fam. 16. Chamidae. Foot short, without byssus ; two 
adductors ; shell fixed, asymmetrical ; pallial orifices sepa- 
rated. Chama Brugui^re. 

Sub -order 5. MYACEA. 

Branchiae much folded; foot compressed, more or less 
reduced ; pedal orifice generally small ; siphons well de- 
veloped. 

Fam. 17. Fsanuuobiidae. Siphons separated, elongated ; 

foot largo, tongue -shaped. Psavimobia 
Lamarck ; Sanguinolaria Lam. 

Fam. 18. Myidae. Siphons united ; 
foot reduced, without byssus. Mya 
L. ; LtUraria Lamarck ; Corhula Brug. 

Fam. 19. Solenidae. Foot strong, 
elongated, often cylindrical, without 
byssus ; siphons more or less short. 

Solenocurtus Blain.; Solen L. (razor 
shell). 

Fam. 20. Sazioavidae. Rock-borers. 

Foot small, byssiferous ; pedal orifice 
very short. Saxicava Fleuriau. 

Fam. 21. Gattrochaanidae^ Foot 
cylindrical, very small, without bys- 
808 ; gills narrow. The thin shell is 
sometimes contained in a calcareous 
tube secreted by the mantle. Qastro- 
chaena Spengler. 



Fio. 270. --Shell of 
PkoUiM dadylut (after 
QuatrefhgesX t^um- 
boiial plates ; D dor- 
sal plate. 

Sub-order 6. 


Fio. 271, — Teredo 
navalU removed 
from its calca- 
reous tube, with 
elongated si- 
phons (after 
Quatrefages). 


FHOIABACBA (Boring Xnisels). 

Foot very short, truncated ; siphons long, united ; without shell-ligament. 
Fam. 22. Fholadidae. Organs contained in the shell ; with one or several 
accessory shell-pieces. Gills prolonged into branchial siphon. Pholas L. 
(Fig. 270), P. dactylus L., mantle 'and siphons phosphorescent; Pholadidea 
Goodall ; Jmannetia dcs Moulins. 
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Fam. 23. Teredinidao. The branchiae are to a large extent contained in 
the branchial siphon. Siphonal region vermiform, provided behind with two 
accessory shell-pieces. Shell very small, covering only anterior part of animal. 
Teredo L., T, 'iiamlis L. {Fig. 271), shipworm, was the cause of the famous 
dam-break in Holland at the beginning of last century. 


Sub-order 7. AlTATUrACEA. 


Hermaphrodite ; ovary and testis with separate oritices ; external gill directed 
dorsally, and without the reflected (outer) lamella. 

Fam. 24. Pandoridae. Foot tongue -sha})ed, without 
byssiis. Siphons very short. Pandora Brugui^re ; Myo- 
chanta Stutchbury. 

Fam. 25. Lyonsiidae. Foot cylindrical, byssiferous ; 
siphons short. Lyomia Sturton ; Lyonsklla Sars. 

Fam. 26. Anatinidae. Foot slender, without byssus; 
siphons long; a fourth pallial orifice. Anatina Lam.; 

Thracia Blainville ; Pholadomya Sowerby. 

Fam 27. Clavagellidae. Foot reduced, without byssus ; 
siphons long, united ; valves continued by a calcareous 
tube 8ecrete<l by the siphons. Clavagella Lam.; Asper- 
gilluin Lam. (Fig. 272). 

Order 5. Skptibranchiata. 

WUk branchial septmi. 

There are three pallial fusions, two siphons more or 
less elongated, and two adductom. The gills (Fig. 264 D) 
have the form of a muscular septum, extending from the 
anterior adductor to the junction of the two siphons and 
surrounding the foot, with which it is continuous. This 
septum presents symmetrical orifices. 

Fam. 1. Poromyidae. Siphons short ; foot elongated. 

On each half of the septum there are several groups of lamellae separated by 
orifices. Palps well developed. Hermaphrodite. Poromya Forbes ; Silenia 
Smith. 



Fio. S73.-> Shell of 
Aspergillum jnvanum 
(after Adame). 


Fam. 2. Cuspidariidae. Siphons elongated, united; foot reduced; palps 
reduced or absent; branchial septum pierced by isolated symmetrical orifices; 
sexes separate. Cuapidaria Nardo. 

The genus Entovalva Yoeltzkow, is not well enough known for its affinities to be 
determined. The mantle has a posterior orifice ; the foot is large, with a posterior 
sucker. There is an hermaphrodite gland. It inhabits the oesopha^ of a 
Holoth rian from Madagascar. 


Class IL SCAPHOPODA^ (SOLENOOONCHAE). 

Dioecioiis Mollmca without eyes or heart. The edges of the mantle 
are fused to form a tube which is open before and behindj and secretes 
a tubular calcareous shell. 

* Lacaze Duthiers, **Histoirc de Torganisation ct du developpemont du 
Dentale,’* Ann. Sc. Nat. 1856-68. Plate, “Ueb. d. Bau u. d. Yemandt. d. 
Solenoconchen,*' Zool. Jahrb.f. Morph. Bd. 5, 1892. Kowalewsky, ** Etudes aur 
rEmbryogenio du Dentale,” Ann, du Miis, de Marseille^ 1 1, 1883. 
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The body is elongated, slightly curved, with a dorsal concavity. 
The shell is shaped like an elephant’s tusk, and is open at both ends. 
The animal, which is entirely contained within the shell, has a 
similar shape, and is enclosed by a tubular mantle also open at 
the two ends. It is attached to the shell by a muscle at the 
hind end. The mantle is to be regarded as paired folds of the 
doTSO-lateral integument which have undergone concrescence von* 
trally. 

A distinct head is not present, but there is an egg-shaped projection 
into the mantle-cavity at the front end, at the aiwx of which is the 

mouth, surrounded by loaf-like 
labial appendages. Springing 
from two lobes at the bisc of 
the cephalic prominence arc a 
number of ciliated contractile 
filaments {captacvla^ which 
are swollen at their ends. 
These have been supposed to 
represent the ctenidia, which 
are otherwise not represented. 

The foot is cylindrical and 
directed forwards; it can bo 
protruded through the ante- 
rior (larger) opening of the 
mantle. Its front end is tii- 
lobed (Dentalium), or carries 
a retractile disc with papillose 
margins (Sip/i<modent<Uium), 
from the centre of which a 
filiform tentacle arises in Ful' 
telltm. 

The nervous system con- 
sists of four groups of ganglia : 
a pair of cerebral with closely 
adjacent pleural, a pair of 
peded, and a pair of vieceral 
gaa(^ just in front of the anus. The visceral commissure arises 
from the pleural, and the pleuro-pedal commissure is completely 
fused with the cerebro-pedal. There is a system of ltdncU ganglia 
(stomatogastiic) in connection with the buccal mass : it is coimected 
with the cerebral 



Fio. S7I —DtNlffliiNfb M seen in longituainnl 
•eetion (except the foot) after Grobben. 8 
•iMll; Ut mantle; 5x1 ahell inoeele; Uh 
niaatie-eavity ; ¥ foot ; if ft oepbalio promlneuce 
or onU cone; Tcaptacnla; Jtradula; D fntes- 
lino; h Ufcr ; AS anna ; 0 e reoral langlioD ; 
IT kidney ; (k generative gland. 
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Stnse orgaiui. Eyes are absent A pair of otocysts are plae< «i on 
the i^edal ganglia. The tentacles serve as tactile oi^mis. 

The alimentary canal is dividcil into a buccal aivity, ocsfiphagtis 
with two lateral pockets, stomach with large liver, and an intestine, 
wliich after several coils closely pressed together, opem l>ehiiid the 
foot and the visceral commissure into the 
middle of the mantle cavity. The buccal 
cavity is placed in the body at the base 
of the cephalic projection, and contains a Jft 
dorsal jaw and a ventral radtUa^ which 
has a short sac and powerful muscles. 

The vascnlar system is reduced to two ffi r 
mantle vessels and a complicated system ^ 
of walMess spaces throughout the body. 

There are no specialized respiratory 

organs. ^ 

The excretory organs are paired and mPhWI 

lie in the middle region of the body. 

Tlioy open on either side of the anus. 

The Seaplvopoda are dioecious. The 
ovaries and testes are unpaii'ed organs ^ 
occupying the posterior part of the body 
behind the liver and intestine. They a 

o|)en into the right kidney. 

The animals live buried in mud, and 
creep about slowly by means of their 
foot. There are about 100 species scat- 
tered in all seas, from the littoral to a 
depth of about 2000 fathoms. They are 
known since the Devonian. a 


Development. The eggs are laid singly. There 
is an invaginate gastrula with a large blastopore, 
which is at first at the liind end. The embryo 
elongates and the hinder part of the body grows 
out behind the blastopore, which becomes the 
mouth. The free-swinuning larva has a preoral 
region with a ciliated tuft and several circles 


Fio. S74.-> Larva of IktUalitm 
(after Lacase DaUiiertX a, 
young larva witli first mdi- 
ment of shell, b, older larva 
seen from the dorsal sorlhoa 
T tentaele^Uar; UT elreular 
muscle of mantle ; P fbot ; 0§ 
cerebral ganglion; Oct oeio> 
phagos; L liver; BM bueeal 
mass : S rudiment of shdt 


of cilia, which eventually consolidate into the ^ 

velum. The mantle arises as two dorso-lateral folds which eventually coalesoa 

ventrally. The shell also is at first bivalve, but subsequently beoomes tubular* 

The Scaphopoda are allied to the Lamellibranchs by their imantle 
and nervous system, but they possess an odontophore which approxi- 
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mates them to the Cephcdophora. It is, however, impossible to say 
that they are more nearly allied to one than to the other. 

There are three genera: Dt'iUalium L.; Siphonodentalium Sara; Puhellum 
Stoliczka. 

In the preceding account the thin end of the animal has been spoken of as 
posterior ; it is, however, possible to regard it as dorsal and as corresponding 
roughly to the visceral sac of a Gastropod. 

OlasB IIL SOLENOaASTBES^ (APLAOOPHOBA). 

Symmetrical vermiform animals toithoui mantlefold^ distinct foot^ 
or shell. The integument is provided mth a cuticle and calcareous 
spictdes or scales. 

It appears that the Class Amphinetira, which is established by many authors 
to include the Solenogastres and C%iionidiU is quite unjustifiable ; for, whereas 
the Chitons are clearly Gastropods, it is by no means certain that the Soleno- 
gastres are really Mollusca at all. Certainly they are not Oastropoda^ for 
they differ from that class in numerous features, of which we may call special 
attention to the fact, of great morphological importance, that in them the 
gonad opens directly into the pericardium, a feature found in no Gastropod. 

The Solenogastres comprise two families, the Neomeniidae and 
the Chaetodermidae, They are elongated, vermiform animals with 
a skin stiffened by the cuticle and spicules; and although in 
the Neomeniidae tliere is a ventral ciliated furrow, which is sup- 
posed to be homologous with the Molluscan foot, it may generally 
be said of them that they are without a foot. Further, there is 
neither mantle-fold nor shell; the respiratory structures, when present, 
cannot be certainly homologiscd with ctenidia; the alimentary canal 
is perfectly straight, passing between the anterior mouth and the 
posterior anus; the blood is red; and finally, the head is but ill 
marked off from the body, and entirely unprovided with special 
organs of sense. There is a haemocoelic body-cavity, a coelom 
consisting of a pericardium, gonad, and two nephridia; the gonad 
communicates with the pericardium. The reasons for regarding 
them as allied to the Gastropoda are to be found in the presence 
on the floor of the mouth of a chitinous structure, more or less 
closely resembling in its relations and appearance the radula; in 
the arrangement of the central nervous system; in the fact that 

* A. A. W. Hubrecht, ** Premeomenia Sluileri,'* Niederl. Arch, f. Zoologies 
Sup. Bd. 2, 1881. Kowalewsky and Marion, “Contributions k Thistoire des 
Solenogastres,’* Ann, Mns, Marseille (Zoologie)^ 3, 1889. Pnivot, “Sur Torgani- 
saUon de quelques N^omenieiis des cdtes de France,” Arch, Zool. Exp, (2), 9, 
1891. Wiren, “Studien iib. die Solenogastres,” I. and II., Svenska Vet, Akad. 
Sandl,, 24 and 25, 1892->3. 



SOLENOGASTRES. 


353 


the body-cavity is a haemocoele and contains blood; and in the 
presence of a pericardium which communicates with the exterior 
by a pair of nephridia. With regard to the latter point, however, 
it is not quite certain that the structure called pericardium is of 
that nature (it may be merely a conjoined portion of the gener- 
ative ducts, of which the structures called nephridia constitute 
the remainder), and it has been maintained that in the Neomeniidae 
at least the organs called nephridia show no signs of being renal 
in function. And even if the cavity in question is pericardial it 
differs entirely from the pericardium of Oastropoda in the fact 
that it communicates with the gonad, and the generative cells 
pass through it on their way to the nephridia, 
through which they are ejected. 

The Solmogastres are marine, but not littoral 
animals. Hitherto they have been found only at 
considerable depths — from 15 fathoms downwards 
as far as the abyss, often in association with 
colonics of Hydrozoa and Actinozoa on which 
they appear to feed. 


Fam. 1. Keomeniidae. HerrmphrodiU SolenogcLstrea 
with ventral pedal groove^ without differentiated liver ^ with 
paired nephridial tubes with a common opening. The 
body is covered with spicules, which are embedded in 
the cuticle and in relation internally with epithelial 
papillae. There is a ventral furrow which is free from 
spicules ; this structure begins in a rather marked ciliated 
pit, which is placed just behind the mouth and contains 
the openings of a largo mucous gland, and ends behind 
by passing into the cloacal depression ; further, it contains 
along its floor a ciliated projection, which is supposed to 
bo homologous with the Molluscan foot. 

The mouth is anterior and ventral, and leads into a 
buccal cavity whioh has muscular walls, and is sometimes 
protractile ; it is lined by a thick cuticle, and the ducts 
of the salivary glands and the sheath of the radula open 
into it. The latter is absent in Neomenia and in certain 
species of Proneomenia and Dondersia; elsewhere it bears 
several transverse rows of chitinous teeth. The oesophagus is short, the stomach 
tubular and often provided with an anterior dorsal caecum ; the intestine is 
straight, and opens into the cloaca, which also receives the openings of the 
nephridia and of a mucous gland. The liver is represented by several pairs 
of short lateral diverticula of the stomach.. 

The nervous system (Fig. 276) consists of a large cerebral ganglion in front of 
the buccal muss, giving origin to a stomatogastric commissure with two small 
ganglia and to two cords on each side — the pallial and pedal — passing backwards. 
The pedal cords are swollen into a ganglion below the oesophagus, and into smaller 


Pio. 275.— Pronecwicma 
sluiteri (after Hu* 
brecht). 0 mouth ; 
F ventral furrow. 
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ganglia at intervals along their course. The swellings are united by cominissures. 
The pallial cords have a ganglion near their origin from the cerebral, and are 
connected with the pedal by commissures ; they unite in a supra-rectal ganglion 
behind. In Neomenia (Fig. 276} these cords are united for a short distance in 
front, and sometimes they join behind. 

There are no special organs of sense. 

The blood oorpmolos contain haemoglobin, which gives the blood a red colour. 
There are no definite vessels, but there are two more or less marked sinuses — a 



Fi(i. 270 —Diagram of the central ner- Fio, 277.— Diagram of the renal and generative 
VOU3 system of Neomenia earinata organs and i)cricardium ; of Chaetodemia 

(after Wir6n). Ce cerebral ganglion; nitidulmi; B, of Neomenia earinata (after 

SI stomatogastric ganglia ; Tlv pedal Wiren). Ps generative gland ; Vg opening of 
cord ; Gpi posterior ganglion on the generative gland into i)ericardiuni P ; Cg neph- 

pedal cords; Tld pallial cords; Gps ridium; Rs receptaculum seininis; Co copu- 

supra-rectal ganglion (from Bronn). latory organ ; C cloaca ; 5, D accessory glands. 

ventral between the intc.stine and the ventral surface, and a dorsal sinus, the 
hinder part of which is contractile and supposed to represent the heart. These 
presunial>ly coniniunicate with tlie perivisceral cavity, which contains blood. 
Respiratory organs are supposed to be represented by some epithelial folds of 
the cloacal walL 



SOLENOC.A8TRK8. 


355 


The cavity called pericardial (Fig. 277 B) is dorsal to the rectum. The heart 
projects into it dorsally ; it communicates with the exterior by two tubes— the 
so-called which are bent on themselves like those of so many Mol- 

lusca, and open by a common median opening into the cloaca ventral to the anus. 

The animals are hermaphrodite, and the genital glands are paired and 
tubular; they ojxjii posteriorly into the pericardium. 

It is extremely doubtful wlicther we ought to regard the nephridia os 
anything else than generative ducts, as they bear accessory organs on their 
course, and no signs of renal excretory products have been seen in them. 

The development has been partly followed in Doiidersia. There is an 
invaginate gastnila and a trochosphere with a velum, but no veliger stage 
nor shell -gland, nor foot. 

The Neomcniidae have been taken in the North Atlantic and in the 
Mediterranean. There are 6 genera and about 20 species. 

Ncomcnia Tullbcrg, with branchiae, without radula ; Faramenict Priivot, 
with branchiae and radula ; Fronco)mnia Hubrecht, without branchiae, thick 
cuticle enclosing epithelial papillae ; I»nicnia Pruvot, cuticle thin, a pre- 
cloacal ventral prominence; Lepidonunia Kow. and Mar., cuticle thin, radula 
largo ; Dondersia Hubrecht, cuticle thin, radula rudimentary or absent. 

Fam. 2. Chaetodermidaa. Dioecious Solenogastres without pedal groove-^ 
with radula as single homy tooth ; nephridva with separate openings; branchiae 
paired and projecting ; gonad nicdian. Body with uniform covering of short 
spicules embedded in the cuticle. Hind end of » body bell -like, consisting 
of widely open cloaca, which contains two fpliaceous branchiae, the anus and 
the two openings of the nephridia. 

The nervous system consists of two closely apposed cerebral ganglia, from 
which arises a stomatogastric commissure with two ganglia, and on each side 
two lateral cords, the pallial and pedal, which are 
joined at intervals by commissures. Posteriorly the 
pedal joins the pallial, and the single cord thus formed 
joins its fellow dorsal to the rectum in the supra-rectal 
ganglion. There arc no sj^ecial organs of sense. 

The mouth is anterior and terminal, the radula is 
represented by a single horny spine in a pit in the 
floor of the mouth, the alimentary canal is straight, 
and the liver is a single ventral caecum directed 
forwards and opening into the middle region of the 
alimentary canal. 

The vascular system is much as in the Neomeniidae 
except that the haemoglobin is in the plasma. 

The nephridia (Fig. 277) resemble those of Neomenia^ 
but they are without accessory genital structures, arc 
more obviously renal in function, and they open 
separately. 

The sexes are separate. T^e gonad is a single 
median tube opening into tho pericardium, and the genital products pass out 
by the kidneys (Fig. 277 A), 

The development is unknown. 

There is one genus with three species ; from the North Atlantic, the Arctic, 
and the Pacific Oceans. 

ChaUoderma Loven. 





Fm. 378. — Chaetoderma 
nitidulum (from Per- 
rier). a anterior end; 
b posterior end. 
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Glass IV. OASTBOFODA.^ 

Mdttiisca mill a distinct head generally hearing tentacles^ toitli a 
ventral mtiscular foot usually used for creeping^ and tyincally with a 
continuous mantlefold. The shell when present is composed of one or 
of more than two pieces. 

The organization of the Gastropoda is with one exception asym- 
metrical, but the asymmetry is confined to the organs of the visceral 
mass, and rarely, if ever, affects the head. The head has the mouth 
at its anterior extremity, and usually bears^onc {Streptoneuray Theco- 
somatay Phyllirhoey Elysiids, and some Pulmonates) or two (most 
Opisthobranchs and some Pillmonates) pairs of tentacles, and two 
eyes, which are placed at the base, sometimes at the apex of a i)air 
of tentacles. The tentacles are contractile, and in the stylommato- 
phorous Pulmonates they arc invaginable. 

Their form varies and they are often modified, and may even ho absent 
{Olivella^ Honialogyra^ Ptcrotrachcay etc.) ; in most of tho llulloids both pairs 
are widened out and transformed into a quadrangular coi»lialic shield, the four 
corners of which correspond to the apices of the four tentacles. The single pair 
of the Amphiholidaef Otinidae^ SiphonariidaCy and Gadiniidae arc reduced, and 
give to the head the aspect of a flattened disc. The anterior pair of Plciiro- 
hraiichidae, Tritoniidaey etc., is transformed into a frontal velum. They may 
also be bifid, flattened or branched. The labial palps, which are processes of 
the lips, found in some forms, are not to be regarded as tentacles ; nor are tho 
small lobe-like processes (palniettes) sometimes found between the tentacles. 
The pseudopallium is a process of the cephalic integument which projects back 
over the shell. 

The foot is a muscular organ, and projects from the ventral surface 
of the body. Typically it has a flat sole, and is used for creeping. 

* Martini and Chemnitz, Conchylien Cabinety 12 Bdc., NUrnberg, 1837-1865. 
Sowerby, “ Thesaurus conchyliorurriy or Figures and Descriptions of Shellsy* 
London, 1832-62. Reeve, ** Conchologica iconicay etc.,’* London, 1842-62. 
H. and A. Adams, “ The Genera of the recent Molluscay* 3 vols , London, 1858. 
H. Troschel, **Das Gebiss der Schneckeny^ Berlin, 1856-78. S. P. Woodward, 
** Manual of the Molluscuy^^ ed. 3, London, 1875. V. Hensen, “Ueb. das Auge 
einiger Cephalophoren,” Z, f, w. Z,y 15, 1865. J. W. Spengel, “Die Geruchs- 
organo u. a. Nervensystem der Mollusken,’* Z,f, w, Z,y 35. Souleyet, “ Voyage 
de la BonitSy* Zoologie, T. 2., 1852. Hilger, “Beitriige zur Kenntniss dcs 
Gastropodenauges,” Morph, Jahrb,, 10, 1885. Willem, “Observations sur la 
vision et Ics cranes visuels de quclques Mollusques, etc.,” Arch, BioLy 12, 
1892. Leydig, “ Ueb. d. Gehororgau der Gastroi)oden,” Arch, f. Mie, Anat,, 
7, 1871. Lacazo Duthiers, “Otocysts ou capsules auditives des Mollusques,” 
Arch, Zool, Exp, et Gin, (1), 1, 1872. Houssay, “Rccherches sur Fopercule 
et lea glaudcs du pied des Gastcropodcs,” Arch, Zool, Exp, (2), 2, 1884. Grobben, 
“Die Pericardiafdriise der Gastropoden,” Arb, Zool, Inst, WieUy 9, 1890. 
Baudelot, “Recherches sur I’appareil gen^iuteur des Mollusques Gast.,** Ann, 
Set, Nat, {Zoologw) (4), 19, 1863. P. Pelseneer, ** Introdtwlwn d VEttide des 
MollusqueSy'* Paris, 1897. A. H. Cooke, “Molluscs,” Catnhridge Natural 
History, London, 1895. 
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It very generally bears on its hind end a homy or calcareous 
operculum for closing the shell-aperture when the animal is retracted. 
The form and size of the foot present various modifications according 
to the condition of life. 

In the sedentary Gastropods it is reduced — in Vermetus and Magilus^ which 
are fixed, to a small discoidal projection; and in Tkyca and Stilifer^ which are 
parasitic, to a small appendage. In the pelagic forms it is flattened laterally 
as a fin {Hctcropoda) 
or may even be absent 
(rhyllirhoe). In the 
lcai»ing forms {Strom- 
hldae) it is also •flat- 
tened. 

The creeping surfiice 
is sonictimes divided 
by a longitudinal fur- 
row, and the two lialves 
may move alternately 
{CycloUoma), The two 
anterior corners of the Fio. 270.^IIeHx pomatia. 0 eyes at the extremities of the long 
foot may be prolonged 5 

as tentacles. 

'J'lie anterior part of the foot may project beneath the head, forming the 
propodium (burrowing forms); in Natica the propodium projects back on to 
the ccidialic region. 

The epipodia (soiuctimes called parapodia) are fin-like, produced lateral 
portions of the foot (in many Opisthobranchs) ; in Notarchus the epipodia 
fuse over the dorsal surflicc. In the Rhipidoglossa the epipodia are present, 
and carry papillae. The posterior part of the foot is often marked olf from the 
rest as 'nietapodium ; in such cases when a propodium is present as well, the 
middle part is called mesopodium. 

The pedal glands secrete a mucous substance, which lubricates the 
surface on which the animal moves, or hardens on contact with air or 
water into a thread by which the animal suspends itself {Limax^ 
Litiopa^ Gerithidea^ etc.), or, as in lanthina^ becomes entangled with 
bul)bles of air and forms a float to which, in the female, the eggs are 
attached. The secreting cells are distributed as unicellular glands in 
the epithelium of the foot, and are often aggregated in special invagi- 
nations of the skin. Such are the supra-pedal gland which opens at 
the front edge of the foot {Pulmonata^ etc.); the labial glands 
which open into a furrow rt the anterior end of the foot (creeping 
Streptoueura and Opisthobranchs); and the median pedal gland 
which opens on the ventral surface, and is comparable to the byssus 
gland of Lamcllibranchs {CxjdoBioma^ Cypraea^ etc.); it was formerly 
mistaken for an “aquiferous pore.” Finally, in some forms there 
are glands at the hind end of the foot, either dorsal or ventral 
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The integument consists of a superficial layer of cylindrical cells 
which are frequently ciliated; and of a connective-tissue dermis 
which is inseparably connected with the dermal muscles. Calcareous 
and pigment glands are placed in the integument ; they are specially 
numerous at the edge of the mantle-fold, where they contribute to 
the growth and peculiar colouring of the shell. 

The mantle (pallium) or integument of the visceral sac is thrown 
into a continuous fold, which completely encircles the body at the 
junction of the visceral sac with the head and foot. This fold is 
the mantle-fold; it encloses between itself and the body a space 
called the mantle- or pallial-groove. The mantle-groove is quite 
shallow, and groove-like over the greater part of its extent, and in 
the Placophora (Fig. 305 B) over its whole extent ; but in all other 
foims it is especially deepened at one point. This specially deep 
part of the mantle-groove is the mantle-cavity proper. The mantle- 
cavity contains the ctenidium (in the Zygobranchiata the two ctenidia) 
when there is a ctenidium, and generally the anus, renal orifice, and 
generative opening. 

The free edge of the mantle-fold is thickened and may be provided with short 
tentacles, pigment spots, and glands. In the Zygohranchiata^ and in one or 
two other forms, there is a slit along the roof of the mantle-cavity in the 
mantle-fold. This slit, the edges of \vhich may be fused at one or more points, 
allows of the exit of the spent water from the mantle-cavity. 

The iiphoxL (Fig. 280, is a kind of spout-like continuation of the mantle- 
edge on the left side of the mantle-cavity. It occurs in many, principally 
carnivorous, Streptoneura, and it conducts water into the maiitle-cavity. 

The hjrpohranoMal gland (Fig. 280, 17) is a highly glandular and generally 
folded portion of the mantle-lining between the two gills and the rectum (Zygo- 
branchs), or between the single gill and the rectum (most other Gastropods). 

In the typical Gastropoda, sucli as tlie wli^clk (Ditccinum) or tho 
garden-snail {Helix), the visceral sac is covered by a univalve shell. 
This shell has, to a certain extent, the same shape as the visceml sac 
(Fig. 312), and can usually completely receive and protect the head 
and foot when the animal is retracted. As a rule it is hard and 
calcareous, consisting of the three layers, an outer periostracum, 
a middle prismatic or porcellanous, and an internal nacreous layer : 
the nacreous layer is not, however, always present in Gastropods, and 
the porcellanous is of complex structure, consisting often of three 
layers of laminae, which are themselves composed of prisma Some- 
times it is a delicate structure, horny and flexible, or it may have a 
gelatinous or cartilaginous consistence, as in the CymhuUidae, where, 
however, it is not a mantle-shell, but a subepidermic dermal product. 
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The shell is secreted by the epidermis of the mantle; the epi- 
dermic (periosttacum) and porcellanons layers by the edge, and 
the naocous layer by the whole surface. In cases in which the 
nacreous layer is absent, the mantle surface still has a shell-forming 



u 


Fia. 280.— Pj/ntln Mrtf male, removed from the shell. The mantle has been cut through along 
the right side of the mantle-cavity and turned over to the left. The pallial organs are accord- 
ingiy reversed (after Souleyet from Lang). 1 proboscis; t bead; S foot; 4 penis; 5 vaa 
deferens cut and continue^l in the roof of mantle-cavity at ; 6 floor of the mantle-cavity ; 
7 spindle muscle ; 8 iotestine ; 0 heart in the opened pericardium ; 10 liver ; tl testis ; It and 
tS kidney; 74 kidney opening; 75 vis deferens; 16 rectum; 27 hypohranchial gland ; anus ; 
19 ctenidium; tOroot of mantle-cavity; f 1 oaphradinm ; siphon. 
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power, for lesions are reimired by a cement-like substance secreted 
by the mantle. 

The shell consists of one piece, except in the Chitonidae (Fig. 
305) in which there are eight pieces, and it usually has the same 
shape as the visceral sac. When that is flat or conical, the shell 

is also flat and conical {Patella^ 
Fumrella) ; when the visceral sac 
is spirally coiled, the shell also is 
spirally coiled ; and when the mantle- 
fold has a slit extending along the 
roof of the mantle-cavity, the shell 
has a corresponding slit or perforation 
{Fismrella^ Haliotis). Finally, pro- 
longations of the edge of the mantle, 
such as the siphon, leave their mark 
upon the lip of the shell-aperture 
{SiphonostomcUa). 

The visceral sac of Chiton is not 
prominent and never coiled. The 
shell-pieces of this animal are par- 
tially covered by upgrowths of the 
mantle, and may be entirely covered 
by them (Cryptoehiton). The shell- 
beds so formed have been compared 
by Lankester to the persisting shell- 
sac (in this case multiple) of the larva. 

The visceral sac and shell are almost 
always coiled to a certain extent in the 
young or larva, even if not in the adult. 
The coils may be lost by decollation^ as 
in Coecum^ in which the spiral part drops 
off ; or by modification during growth as 
ill Fismrella (Fig. 281, F, 0, H)^ or by 
subsequent addition during growth (by 
secretion from two reflected lobes of the 
mantle) of calcareous matter, which over- 
lies the spiral shell and hides it, as in 
the cowries {Gypraea)» 

The spiral is generally dextral (leiotropic), i.e., if the shell is placed with 
its spire uppermost and the aperture towards the observer, the aperture is to 
the right; or it may be sinistral. When it is sinistral the organization is 
Bometimes affected, and the organs and apertures usually placed to the right 
are on the left side. This is always the case with sinhtral monstrosities, 
but not always when the species is normally sinistral. In Spirialis, Limacinap 



Fio. S81.~ Shells of A Pleurotomaria, 
Pelytrwmeuria, 0 and E Emarginula^ 
D HamU, F FUmtrdla, G and H 
stages in the growth of the shell of 
FismriUa (firom Lang), 
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Lanistdif and a few other forms the shell is sinistral, but the organization is 
dextral ; such shells are said to be tdtra-deostral (Polseneer). In some cases 
both sinistral and dextral species are known in the same genus. 

As a general rule the whorls of the spire are closely applied together, the line 
or groove of apposition being called the suture. Sometimes, however, the whorls 
are more or less separate {Scalaria, Chyelostoma, FalvcUa, Vennetus). The shell 
is never multilocular, but sometimes the animal ceases to occupy the upper' 
whorls, which drop off {decollation). The axis round which the whorls are coiled 
is called the columella ; it may be hollow, in which case the shell is said to be 
perforated or umhilicaicd (Solarium) and the axial tube is called the umbilicus; 
the umbilicus may be shallow or deep. In Natica the umbilicus is filled up 
with calcareous matter. In other shells the whorls are closely coiled, and 
the columella is a central pillar ; such shells are imperforate. In addition to 
the above the following terms are applied to the shell : the apex is the top 
of the spire — the first formed part of the shell; the aperture is the opening 
of the shell at the end of the last, or body-whorl. The aperture is entire, 
as in most vegetable feeders {holostomatous\ or produced at its anterior 
end into a spout (canal), as in many carnivorous families (siphonostomcUous), 
Sometimes there is a posterior canal as well ; this is anal in function, and in 
some forms is represented by the so-called slit (Emarginula, PUu/rotorruiria^ 
Scissurella). The slit lies over a slit in the mantle (see above). In Fissurella 
(Fig. 281 ) it becomes in the adult an apical pore, and in Haliotis a number 
of pores. 

The margin of the aperture is called the peristome, the right side of which is 
the outer lip or Idbrum, the inner or columellar lip being the labium. The 
outer lip is sometimes thin, more often thickened, or reflected or inflected 
(Cypraea), or expanded (Pteroceras) or fringed with spines (Murex), When the 
fringes or expansions of the outer lip are formed periodically during the growth 
of the shell they are called varices. 

Shells which are always covered by the mantle are colourless (Limax, 
Parmophorus), Those which are covered by the mantle when the animal 
expands acquire a glazed or enamelled surface like the cowries. When the 
shell is deeply immersed in the foot of the animal it becomes partly glazed 
(Oymba). In all other cases there is an epidermis or periostracum, though it is 
often thin and transparent. 

In some cases the parts of the shell separating the successive whorls and the 
columella are absorbed in the adult, e.g.^ Nerita, Olivella, Cypraea, Avriculidae; 
in such cases the visceral sac loses its spiral form. 

The operoulnm is attached to the dorsal hind end of the foot. It consists of 
a homy basis which may be calcified. It grows with the shell, and the oldest 
part of it is called the nucleus. It is marked by lines of growth, which may be 
concentric or spiral (sinistral in dextral shells). Sometimee it^k claw-shaped 
or unguiculate, in which case the nucleus is apical. It generally its the mouth 
of the shell ; but is sometimes too small, or even ridiculously inadequate for this 
purpose, as in Bullia, Conus, etc.; it also persists in some l^ilpet-like forms 
which adhere by their flat foot, and in which it is not used (MIsHeetta, Concho* 
Upas, Sigaretus), In such oases the operculum affords a good J^stanoe of an 
organ persisting after it has entirely lost its original function. The operculum 
is present in most adult Streptoneura, and in their larvae, if absen^ jn the adult 
(except Stilifer ) ; it is absent in the adults of most Euthyneura (e:^wpt Actaeon^ 
Idmacina, Amphibola)^ but is present in their development exec]^ in some of 
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the more specialized, e.g. Puimanata (except Aurieulidae, Siphmaria, Oadinia) 
and Cavoliniidae. It may be present or absent in the same genus (StomaUlla, 
Vermetv», Conus), and may even be caducons in adults {Limacina helicina). 

The edges of the mantle are often folded over the shell, so as to 
cover a part of it (many Fissurellidae, Marsenina, many Cypraeidae 
and Marginellidae, Aplysia, and some Bvllidae, various Pulmonates), 
or the whole of it. In the latter case the edges fuse, and the shell 
is enclosed in a sac. Such an internal shell is found in Cryptochiton, 
Pupilia, most Lamellariidae, Pustular ia, Notarchus, Doridium, Gas- 
trqpteron, Philine, Pleurobranckus, and some species of Umax, and is 
very generally much reduced in size, and quite incapable of receiving 
the head and foot in retraction. Finally the shell and its sac may be 
absent, and the visceral sac become secondarily symmetrical {Titis- 
caniidae, Pterotrachea, Muncina, Gymnosomatous Pteropods and 
Gymbuliidae, Pleurobranehaea, Ntidibranchiata, Philomyeidae, On- 
ehidiidae, Vaginulidae). In such cases the shell exists only in the 
larva (in some Pulmonates it is never formed at all), and disappears 
at the end of larval life. In most cases in which there is no shell 
the pallial chamber (and groove) and ctenidium are reduced or absent; 
e.g. in Nudibranchs where the ctenidium is said to be replaced by the 
papillae of the mantle {i.e. of the dorsal integument) called cerata 
(Fig. 328). In certain cases in which the larval shell is shed, 
another persistent and internal shell is formed (Lomellaria, the first 
spiny shell of which is called Echtnospira). The attachment to the 
shell is efifected by the columellar or spindle muscle (Fig. 296), which 
arises from the foot and is inserted into the columella in the spiral 
forms, or when there is no columella to the internal surface of the 
shell in a horse-shoe-shaped line (PcUella), or over an oval area 
{HaJiotie, Fig. 296 S). 

The central nervous system consists typically of the three pairs 
of ganglia in the head (Fig. 282) — the cerebral supplying the 
head and sense-organs, the pedal supplying the foot, and the 
jdeuial which iimervate the mantle and spindle muscle; and of 
two oommissuies which are completed ventrally to the gut, and 
contain ganglia in their course; these are the anterior or stomato- 
gastric conunissure, on which are developed the buccal ganglia, and 
the posterior or visceral, on which may be developed the supra- 
and sub-intestinal ganglia and one or more abdominal ganglia. 
The stomatogastric commissure is coimected with the cerebral 
ganglia, and supplies the buccal mass and alimentary canal, while 
the visceral commissure is connected with the pleural ganglia, and 
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innervates the vascular, excretory, and reproductive organs, and 
also gives off from the supra- and sub-intestinal ganglia nerves to 
the mantle, gills and osphradium. In all Gastropoda except the 



Fio. 282.— -Nervous system of PcUudina (after 
V. Jliering). Cg cerebral, Pig pleural, Pg 
pedal, Sp supra-intestinal, Sb sul^intesttnal, 
Ag abdominal ganglion ; o otocyst ; Bg sto- 
niatogastric (buccal) ganglion. 

Chitonidae the visceral com- 
missure is asymmetrical, in 
connection with the asymmetry 
of the organs which it supplies. 

In the arrangement which is 
usually described as primitive 
the cerebral ganglia are placed 
at the sides of the oesophagus, 
and are connected by a long 
commissure; the pedal ganglia 
are dmwn out into long gan- 
glionic cords (Fig. 283, 16^ Fig. 
284, pe) extending along the 
ventral surface (Aspidobrancha,...- 
Palvdinay CyclophordSj Ci/praea)^ 
and connected in a ladder-like 



Fio. 288.— Nervous system of Patdla (from 
Lang, combined after Pelseneer and Bou- 
Tier), i cerebral ganglion; f cerebral 
commissure; 5 labial ganglion; U buccal 
ganglion ; 5 cerebro-pleural commissura ; 
6 corebro-pedal commissure ; 7 nerve to 
otocyst 8; 9 pleural ganglion; 10 pedal 
commissure ; 11 right, U left osphradium : 
15 visceral ganglion; lU supra-intestinal 
ganglion; 15 pedal cord; 16 indication 
of a sub-intestinal ganglion. 


manner by numerous commissures; the pleural ganglia are approxi- 
mated to the pedal ; and the visceral commissure is of considerable 
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Fio. 284.— Nervous system of Ilaliotls (diagrammatic 
after Spengel). Cg cerebral ganglion ; Pg fused 
pleural and pedal ganglia; Ag abdominal gan> 
glion ; 0 and O'ospliradia ; Pe pedal cord ; S and S* 
pallial nerves ; Br gills. 


leiigtli, and its ganglia are 
widely separate (Sirepto^ 
neura and the less special- 
ized Euthyneura). 

The principal variations 
in this arrangement are as 
follows : the cerebral gan- 
glia are close together, and 
the pleural are approxi- 
mated to them or may 
even fuse with them (most 
Pectinibranchs, Pteropoda 
Thecosomata^ Aciaeou); the 
pedal ganglia are concen- 
trated and not drawn out 
into cords ; the visceral 
commissure is short, and 
its ganglia approximated 
both to each other and to 
the pleural (Fig. 285, most 
Euthyneura) ; finally, all 
the ganglia (cerebral, pedal, 
pleural, and ganglia of vis- 
ceral commissure; may be 


closely approximated on the dorsal side of the oesophagus (many 


Nudibranchs). 

The visceral commis- 
sure is in the Strepto- 
neura twisted into a figure 
of 8 in the following 
manner (Figs. 282, 283); 
the commissure from the 
right pleural ganglion 
passes dorsal to the ali- 
mentary canal to the left 
side, and there forms a 
ganglion — the mpra-inies- 
tinal ganglion (^, 14 ) — 
which supplies the left 



osphradium and ctenidium 
and left side of the mantle, 


Fio. 285.— Nervous system of Limnaea (after L. Du* 
thiera). Cg cerebrali Pg pedal, Pig pleural, Ag ab« 
doiitiiial ganglion ; 0 oaphradlam. 
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or without forming a ganglion gives off a strong branchial nerve, 
whicli passes to a ganglion 


— tlio brancliial ganglion, 
close under tlie osphra- 
dium; while the commis- 
sure from the left pleural 
ganglion passes ventral to 
the alimentary canal to the 
right side, and there gives 
rise to the stih- intestinal 
ganglion («/>, 16 )^ which 
sup})lics the right side, or 
giv(is off a nerve to the 
right branchial ganglion. 
Tlie ))art of the commissure 
connecting these two gan- 
glia generally cojitains one 
or more ])urely visc(ual 
ganglia. The supra-intes- 
tinal ganglion supplies the 
left osjdiradium, which is 
g(merally i)rcsent, while 
the sub-int( 58 tinal supplies 
the right osphradium, 
which is absent in all 
except the Zygobranchiate 
forms. 

The nervous system has 
not been seen in the adult 
of Entoconcka and Ento- 
colax. 

In the Strc2dmeura eacli side 
of the mantle is usually inner- 



vated by a mantle-nerve from the 
pleural of the same side, and by 
a mantle-nerve from the siipra- 
(left side of mantle) or sub- 
intestinal (right side of mantle) 
ganglia, or, if they are absent, 
from the corresponding parts of 
the visceral commissure. The 
nerves from these two sources 
generally anastomose in the 


Fio. 280 .— Nervous system of Cassidaria (after Haller), 
illustrating dialyneury on the left side, and zygo- 
neury on the right. The pallial nerves from the 
left pleural ganglion Pig anastomose with the pallial 
nerves fTom the supra - intestinal ganglion Ggp 
(dialyneury), whereas the pallial nerve from the 
right pleural (not lettered) runs to the subin- 
tebtinal ganglion Gsb (zygoneury), fironi which all 
the mantle-nerves of the right side arise. Cg 
cerebral; Pig left pleural; Pg right pedal; Gsp 
supra-intestinal ; Gsb subintestinal ; Vg abdominal 
ganglion; Oiotocyst. 
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mantle (dialjnenry). This arrangement is sometimes modified (more often on 
the right side), in that the mantle-nerve of the pleural passes direct to the 
ganglion of the visceral commissure of its own side (supra- or subintestinal), 
from which ganglion all the mantle-nerves of that side appear to bo given of! 
(lygoneary, right side of Fig. 286). 

In some StrepUmeura there is, in addition to the stomatogastric commissure, 
a labial commissore (Fig. 283, S) given off from the cerebral ganglia and 
passing ventrally to the oesophagus. 


Sense organs. Tactile organs are represented by the tentacles, the 
edges of the lips, which are often folded (labial palps), and tentacular 
and lobe-like prolongations which are found here 
and there on the head, mantle, and foot (see 
these oi’gans). 

The rhinophores are the organs which subserve 
the olfactory sense; they are placed upon the 
cephalic tentacles, and on the posterior tentacles 
when there are two pairs. They are epithelial 
structures, and may be localised in a patch of 
high epithelium at the end of 
the tentacles, or in a pit, the 
walls of which may be even 
folded (some Opisthobranchs). 

The olfactory nerve arises from 
the cerebral ganglion, some- 
times in common with the 
optic, and may have a ganglion 
on its course. The olfactory 
sense is well developed in 
most Gastropods. 

The osphradiiun (Fig. 280) 
is also supposed to be an 
It lies in the mantle-cavity close to the ctenidium 
and consists of a special patch of epithelium generally columnar and 
ciliated, and frequently placed upon a special ganglion (Fig. 284, 
branchial ganglion, see above). It is innervated by a nerve from the 
visceral commissure (suprarintestinal ganglion — if it is present). In 
some forms its surface is much folded, and it has the appearance of a 
bipectinate ctenidium (Fig. 280), for which it was formerly mistaken 
(e.jr., Natica, Buccinum^ Cypraea, Strombidae, etc.) ; in some 
JEtUhyneura it is invaginated into the ganglion, and has the form 
of a pit. In the Zygobranchiate forms there are two osphradia — 
the right one supplied by tito sub-intestinal, and the left by the 



Fio. 187. — Lamellar 
rhlnophore of BoUt 
eorofiata(from Per- 
rier, after Alder 
and Hancook). 


olfactoiy organ. 



Fio. 288.— Rhlnophore of 
Hermoia Wfida (from 
Perrier, after Alder 
and Hancock). 
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supra-intcstinal ganglion, or from the part of the visceral commissure 
where these ganglia would be if present. In the Chitonidae there 
is an osphradium at tlie l3ase of each ctenidium. In Fissurdla it 
is only present in a diffuse and indistinct form. It is also found in 
some forms in which the ctenidium is absent {Patella^ (Money etc., 
Basommatophora). 

Otocysts which are supposed to be auditory in function exist in 
most gastropods (absent in lanthinay Vermetvs) as a pair of closed 
sacs, which are lined by an epithelium bearing cilia and sensory 
hairs, and contain concretions and a fluid. They are usually placed 
in the foot near the pedal ganglia (though innervated from the 
cerebral by way of the cerebro-pedal commissure, Fig. 283), but in the 
pelagic forms {Heteropoda) and in most Nudibranchs they are near 
the cerebral ganglia (Fig. 315). They contain a fluid, and one large 
concretion — the otolith (as in the Ctenobranchiate Streptoneuray and a 
few Opisthobranchs), or 
numerous small ones — 
ttie otoconia (Aspido- 
hranchs, most Exithy- 
neura and dialyneuric 
Taenioglossa), It has 
not been proved by 
actual observation that 
any gastropod possesses 
the sense of hearing. 

Eyes. There is a pair 
of cephalic eyes in almost 
all gastropods. They are 
placed at the base of the 
tentacles (of the second 
I)air in Opisthobranchs) 
or at the apex of the 
posterior tentacles {Sty- 

lommatophora)y or half- 

i-u 4 . 4 . Fio. 289.— Otocyst of P/croirac/wa (after Claus), i auditory 

AVay along the tentacles nerve; $ structureless membrane; S and 4 ciliated 
(some Streptoneura), ^ otolith; e hair cells; a central cell (ftrom 

They consist in their 

simplest form of a widely open pit of the skin (Fig. 290 A), the 
epithelium of which is pigmented and carries on its free surface 
a layer of rods {Docogloaaa) ; in some of the Rhipidogloaaa, e.g.y 
HaHotiSy TrochuSy the lips of this pit are approximated and its 
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cavity filled wth a cuticular lens (Fig. 290 B) ; finally, the pit may 
be closed and the retinal epithelium continued in front of the lens 
as a kind of internal cornea, thus lining a complete vesicle, while 
the outer epithelium, together with some connective tissue, is con- 
tinued over the eyes as a cornea proper (Fig. 290 C). The optic 
nerve enters the retina on its internal side, and the percipient 
elements are on the side of the retina next the light. 

The cephalic eyes are vestigial, being buried in the skin or absent, 
in most burrowing forms; absent in most abyssal and subterranean 
species, and in the Chitonidae; and, curiously enough, absent in 



some pelagic forms, e.g. lanthina, many Pteropods; though the 
Heteropoda possess the best developed eyes of the class. 

Eyes are found in considerable numbers on the domal surface in. 
the OncJiidUdae^'*^ in addition to the cephalic eyes. These pallial 
eyes are constructed upon the so-called Veitebrate type,^ the optic 
nerve perforates the retina, spreads out on the surface turned towards 
the lens, and then passes inwards to the ^erci})ient "'elements which 
are on the side of the retina turned inwards. Moredver^„ possess 

* Si-mper 0., "Forms of Animal Lift," 
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a cellular lens. Pallial eyes* are also found in certain genera of the 
Cliitonidae on the shell pieces ; they possess a calcareous cornea. 

The alimentary canal is usually coiled, and, as a rule, bends 
forward to oi)en in front on the riglit side, into the mantle-cavity 
if that is present. In Chitonidae it opens into the mantle-cavity 
in the mi<ldle line behind, and in 
some Nudibranchs the anus is median, 
dorsal, and posterior. 

Most of the more specialized forms 
possess an iuvaginable proboscis (Fig. 

280), the invagination generally begin- 
ning at the base ; but some possess one 
which is retractile from the point. 

In the Natiddae there is a glandular disc 
on the ventral face of the proboscis, the 
function of which is to assist the animal in 
perforating the shells of bivalves. In the 
]*iicumodermatidae the proboscis bears some 
suckci*8, which are either isolated or placed 
upon two retractile lobes (Fig. 321). 

The buccal cavity is provided in its 
anterior part with a pair of horny 
jaws, which may be closely approxi- 
mated dorsally {Natica\ or even fused. 

In Patella^ Aegh'us^ and all Pulmo- 
niites there is only a single dorsal jaw, and in many forms the 
jaws are absent entirely. 

The walls of the buccal-cavity are much thickened owing to 
the muscles of the jaws and odontophore, and to the cartilages 
of the latter, and give rise to the structure called the buccal mass^ 

There is no lower jaw, but on the floor of the buccal-cavity 
there is a ridge, partly muscular, partly cartilaginous, which has 
received the same name, though it should rather be regarded 
as a tongue: this is the odontophore (Fig. 292). The surface 
of this tongue is covered by a chitinous or homy membrane, 
called the lingual ribbon, or rodfufa, on which are carried homy 
teeth of various forms. Behind, the radula passes into a cylin- 
drical pocket, the so-called sheath of the radula, which projects 
as a small, generally papilla-like prominence from the ventral 
and posterior end of the buccal mass. The radula and its teeth 



Fio. 291. —Axial section of the eye 
of Oyu hidium (from Felseneer after 
Semper). / retina ; II optic nerve ; 
III pigment ; JVleuM ; V cornea. 


* Moseley, H. N., Q. J. M. S., 1884. 
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are secreted by the epitliolium of the rodula sheath, whicli may be 
compared to the bed of a nail, or to the persistent pulp of a tooth ; 

for as the front port of the radula 
is contiiiiially being 'woni away by 
use, it is replaced from behind by 
the new growth in the sheatlu 
The odontophore can be pro- 
truded and retracted as a whole 

MK by its muscles, and there is pos- 
sibly a small power of movement 

Fig *«t-ix)ngitudiMi MoUon trough the ^ho rfbbon itself on the sub- 
baoctl ituu» of Hdtx (after Kcfersteiu). 

0 mouth ; Mh buccal cavity ; M muaclea ; radulor membrane. 

verse rows on the surface of the 
radula; their form, size, and number vary in different species, and 
afford important systematic characters of species, genera, and families. 

The middle tooth of each row is called the central or raehidian tooth; the 

teeth on each side of this are called latercUsy while the outermost of all are 

the margiTuils or uncini. The laterals and marginals sometimes merge into 
one another, so that the distinction between them is lost The varying 
arrangement in number of these different teeth is expressed by formulae: 
thus the typical formula of the Toxoglossa is 1.0. 0.0.1., which means that one 


A 



B 


Fm. t9S.-~On€row of teeth of the radula of A, HdMna tropUa, UhlpIdogloMa ; B, Bythinia 
$$niaeulata, Taeoioglotea ; C, two rows of Fasciolaria tantUifia, Raohiglosaa (Arom Perrier;. 
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iiiargiiiul tooili aloiio is present, and that central and laterals arc absent alto- 
gether ; in the liachir/lossa (Fig. 293 C) it is 1.1.1., which means that a central 
and one lateral on ouch side aro present ; the teeth arc strongly cusped in this 
group. In the Taenioglossa ( ribbon -tongued) the typical formula is 2. 1.1. 1.2. 
(Fig. 293 B). In the Ptenoglossa there aro an indefinite number of outer teeth, 
not distinguishable into marginals and laterals, and the formula is written 
00 . 1. 00 . Tlie JUiijndoylossa (fan-tongued) are characterized by an indefinite 
number of marginals, arranged like the ribs of a fan; typical formula 
00 . 6.1.5. 00 . (Fig. 293 A), The Docoglossa have a few, but strong columnar 
teeth, and the special feature is the multiplication of the central ; thus PaUlla 
has 3. 1.4. 1.3., or, as it may be written, 3.1. (2 + 0 + 2) 1.3. 

In the Euthyncura there is generally no distinction into marginals and 
laterals. The length of the radula, and the number of rows of teeth, varies 
much in dilFcrcnt species. In Patella it is very long, in the PulnwnaUi it is 
sliort and broad. The radula Is entirely aUscut in the EidimidaCy Pyrami- 
dcllicfuc^ ThycOf Eatocomha, Entocolax, Coral- 
liophilidac, certain species of Tcrthra^ Toma- 
tinidaCf Cymhuliopsis^ Glcba^ Doridiidac^ 

DorldojksiSf Corambe, Phyllidiay Tclhyidat 
(i.r., in parasitic and suctorial forms). 

The subradular organ is a jwipilla in front 
of the radula on the floor of the mouth. 

Ill uchlitioii to buccal glands, somo- 
tiiiies found round tlio buccal opening, 
there is always a pair of salivary 
glands opening into tlie buccal-cavity. 

The buccal-cavity leads into the oeso- 
pliagus, which is followed by a dilated 
stomach, usually provided with a caccal 
appendage. The stomach opens into 
an intestine, which is usually long and 
coiled, and sunounded by a large multi- 
lobcd liver. The liver occupies nearly 
all the upper coils of the visceral sac, 
and pours its secretion into the intes- 
tine and into the stomach (Fig. 295). 

The arrangement of the alimentary canal and of the liver presents in detail 
many essential modifications ; one of the most remarkable being that offered by 
the stomach with its diffuse hepatic caeca (often extending into the cerata) in so 
many of the Nudibranckiata (Fig. 294). The terminal part of the intestine is 
distinguished by its size, and may be called the rectum. 

The oesophagus may have a crop-like swelling in its course, and sometimes 
there is a gland on about the middle of its length (gland of Leiblein, Fig. 
295). The stomach may contain in its middle region masticatory plates 
(some Opisthobranchs), or be divided by oonstriotions into three regions 
(Aplysia), 



Fio. 294.— Alimentary canal ot Ae6li$ 
papulosa (after HancockX Bm 
buccal mass; Oe oesophagus; M 
stomach; r. liver caeca which enter 
the dorsal appendages (cerata) : A 
anus. 
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, The vascular system prcscMits nuniorous and important modifica- 
tions. The licart is enclosed in a special pcricanlium, and is iisiuilly 
place<l on one side of the middle line, more or loss anteriorly, near 
the respiratory organs. It usually consists of a conical ventricle 


Xll 



Pig. 295.— Enlarged dorsal view of the 
alimentary canal of Murex (from Pel- 
aeneer, after Haller). I duct of gland 
of Leiblein ; II oesophagus ; III duct of 
liver; IV liver; V stomach; VI anal 


(Fig. 280) which gives off the 
aorta, and of an auricle which is 
turned towards the respiratory 
organs, and into which the blood 
passes by the respiratory veins. 
In some Gastropods (Ithipidor/lossa, 
except Helicina) there are two 
auricles (the right one being usually 
the smaller), and the ventricle is 
pierced by the rectum (Fig. 297 n). 
In the Cliitmidae alone is the heart 
not only symmetrical (with two 
symmetrical auricles), but jilaced 
at the hind end of the animal. 

When there is only one auricle it 
is the left, though in the majority 
of the Streptoneura and of the 
Pulmonaia, and in Actaeon^ Lima- 
cinay Clio virgvla and C. acicula 
it lies in front of the ventricle, 
and in most Opisthobranclis, in 
Testacellidaey OnchidiidaCy Firo- 
lidaey and some Calyptraeidae it 
is behind the ventricle. 

The aorta, which is given off 
from the end of the ventricle 
opposite to the auricle, or from 
the hind end in the Rhipidoglossa 
with two auricles, usually divides 
into two arteries, of which one 
passes forward and branches to the 
head and foot, while the other 
passes dorsalwards to the viscera. 
There is a bulb, extra- or intra- 
pericardial, on the root of the 


gland; vii anus; VIII gland of Lcib- aorta in some forms I Patella y etc.). 

lain; IX crop or proventriculus ; JC . • i * ) i 

■aiivary gland ; X/ raduia ; X// mouth. The arteries terminate by opening 
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into irregular spaces in the tissues and amongst the organs, some 
of whicli spaces liavc coalesced or dilated to give rise to the 
perivisceral cavity (exclusive of the pericardium) of these anhnals. 
From these systemic spaces the blood passes through the branchial 
(pulmonary) vessels to the respiratory organs. In some cases there 
is, in addition to the ctcuidial blood, a certain amount of blood 
returning to the auricle from other parts of the mantle, 6.^., 
Acmaeiclae, Heterojmla^ Pleurobranchidae^ PnewTwdermaiidcie, Of 
these the Plmrohranclddae^ Hetero- 
and some Acmaeidae do 
not possess secondary branchial 
structures on the mantle; but in 
other Acmaeidae and in the Pneu- 
modermatidae there are secondary 
branchiae in addition to the cteni- 
dium. 

The blood is generally colourless ; it is 
red in rianoi'his (haemoglobin in the 
plasma), and in certain forms has a blue 
tinge (haeraocyanin). There is a blood- 
gland on the aorta in some Opistho* 
hranclis ( Bulloids, PfeitroftrancAiw, Dorids); 
and in certain streptoneurous Platypoda 
there is a corresponding organ near the 
kidney, communicating with the auricle. 

Respiratory organs. In only a 
small number of Gastropods is respi- 
ration effected exclusively through 
the general integument (some Nudi- 
branchs). By far the greater number 
breathe tbrougli gills, and many 
through lungs ; a few combine 
branchial and pulmonary respiration. 

The gills arc either typical ctc- 
nidia contained in the mantle-cavity, or freely-exposed branched 
processes of the dorsal integument (some Nudibmnchs). 

Excluding the Chitonidae (Fig, 305), which are unlike other 
Gastropods in liaving a number of pairs of ctenidia bearing two 
rows of lamellae (i.c., bii)tnnate) and placed in the hinder part 
of the mantle-groove, tliere are never more tlian two ctenidia (Zygo- 
branchs, Fig. 290) ; but usually an asymmetrical development takes 
place, and only one gill (tlie left) remains (Fig. 280). 



Fia. SOO.—Doml view of IlalioUt tuber- 
culata after removal from its shell. 
The roof of the msntle-cnvity has been 
cut through so is to e\i>ose the two 
ctenidia, and the rectniu D. llie peri- 
canlinm also has been oi>eiied. K the 
left ctenidiuin ; Dr the hyitobianchial 
gland; S the spindle- muscle ; F the 
margin of the foot ; T tt uWe ; 0 eye ; 
V ventricle; A, A the two auricles 
(from Claus). 
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The Gastropod ctenidium is (except in Chiionidae) attaclied by the 
whole or greater part of its length to the mantle-wall, and carries 
typically (in the Aspidobranchs and Tcctibmnchs) two rows of 
plates arranged perixjndicularly to the axis (Fig. 296), but in the 
more specialized Streptoneura (Fig. 280) one row of plates is absent 
(it is reduced in the nionobranchiate Aspidobranchs). In the former 
case the gill is said to be Upectinate^ in the latter monopectinate. 

The respiration of air is confined to some Prosobranchs and to the 
Pvlmonata. In this case the mantle-cavity serves as the respimtory 
cavity, but it differs from the branchial mantle-cavity by containing 
air, and by possessing instead of a gill a rich network of blood-vesscds 
on the inner surface of its roof. The mantle-cavity communicates 
by a long slit with the external medium, but in some forms it is very 
widely open (Tectibranchs), and in others the opening is reduced 
to a small, round aperture capable of being closed (Pidmonata), 
Frequently the edge of the mantle is prolonged into a siphon (see 
above, p. 358). 

The arrangement of the respimtory organs is of importance f(H 
the classification of the larger groups. According to their pasitit)U 
with regard to the heart two great divisions can, as ^Milne-Edwards 
has pointed out, be established: (1) the Opisthohranchiata, in which 
the auricle and gill are behind the ventricle; (2) the Prosohranchiatay 
in which the auricle and gill are in front of the ventricle (Fig. 280). 
So far as this character is concerned, most Pulmonata are Proso- 
branchiate; but the Pulvwnata in many features of their organiza- 
tion, particularly in their hermaphroditism, stand closer to the 
OputhohranchicUa. • • 

In some aquatic forms the ctenidium is entirely absent, and respiration is 
carried on either by the mantle and integument generally, without any secondary 
branchiae {LepetidaCy DerTmiobranchvSy UeUrodoriSy many Elysiids, Phyllirhoey 
Clicnidaey Halopsychidae)^ or by secondary branchiae ; these may be in the 
mantle-groove as the branchial plates of Patella, or on the external surface 
of the mantle, as in Clionopm, NoichraTichaea, and most Nudibranchs. 

Some littoral forms {LUtorina, etc.) are able to live for a long time out 
of water and habitually do so when the tide recedes ; in such cases the internal 
surface of the mantle may be modified, and in CerUhidea obtma the ctenidium 
even completely disappears. In Ampullaria one part of the mantle-chamber 
is modified as a lung, and is partly separated from the other, which contains 
the ctenidium ; such forms are truly amphibious. Finally, there are the 
80-callcd land Opcrculates ; these are streptoneurous forms in which the ctenidium 
has disappeared and the mantle-cavity is completely transformed into a lung. 
Of such forms we have the rhipidoglossate family — the Uelieinidaey and three 
families of the Taen%ogl<ma, viz., the Cyelophon'idae, CyclosUnnatidae, Aciculidae. 

In the Pulmonata proper the ctenidium is entirely absent and the opening 



GASTROPODA 


375 


of tho mantle-cavity (pulmonary cavity) much restricted : in the Oruhidiidae 
the lung sac is said to absent, but this is doubtful (Bergh. Morph, Jcdirb. 10). 

A few of the PulnionaUi have partly or wholly reverted to an aquatic life 
(tho so-called fresh- water PulmoncUa) ; some of these forms {Limnacidae) are 
really air-breathers, and make periodic visits to the surface to procure air, 
while others {Amphibola, Siphonaria, Oadinia^ Ancylus, Limruteidiu of deep 
lakes) are truly aquatic, as the lung sac is always filled with water. 

Body-cavity. In Gastropoda there is usually a well-developed 
perivisceral cavity in relation with the alimentary canal or with 
the anterior part of it. It is the cavity which is opened up in 
dissecting the alimentary canal of ChitonidaCy and the anterior part 
at least of tho alimentary canal of most other Gastropoda. We 
may call this cavity the perivisceral. There is also another cavity, 
which has no connection with the perivisceral, and is called tho 
pericardial because it is related to the heart. Whereas it is quite 
certain that the pericardial cavity is a part of the coelom, the 
nature of the perivisceral cavity is doubtful By most anatomists 
it is regarded os haemocoelic in nature, and this is probably the 
correct view, but recently it has been interpreted as a part of the 
coelom at least in the Chitonidae. This view is not, however, 
supported by any evidence anatomical or embryological, for the 
space in question has no connection with the nephridia or gener- 
ative organs, and has not been traced from the paired cavity, 
which appears at an early stage in the development of Chiton 
and is probably coelomic. We may, therefore, safely say that so 
far as our knowledge at present goes the perivisceral cavity of 
Gastropoda is a part of the vascular system, and therefore 
haemocoelic. 

It has been recently asserted* that in some of the Docoglossa the pericardium 
has a considerable visceral extension. 

The coelom of the Gastropoda is in three sections: (1) the 
poricaixiium j (2) the nephridia ; (3) the gonad. 

(1) 'file pericardium is in relation with the heart; it normally 
communicates with the nephridial system, and part of its lining is 
genemlly glandular and forms the pericardial gland. It has no 
connection with tho blood system. 

(2) The nephridial part of the coelom will be described below 
under the head of excretory organs. 

(3) The gonad retains its connection with the rest of the coetlom 
only in the AapHobrandixata^ in which it communicates wi th the right 
kidney. In Chitonidae it is separated both from the nephridia and 

* B. Haller, **Studi$n Ub. Docoglom u. Shipidoghm Leipdg, 
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pericardium, and in oilier Gastropods it has its own special duct, 
which has been interpreted as, and probably is, a persistent portion 
of the otherwise absent right (primitive left) nephridium. Tho 
developmental evidence in favour of this view is not very strong, 
but we may hold it at present as a provisional view. In no 
Gastropod is the gonadial section of the coelom in direct connection 
with the pericardial 

Excretory organs* The kidneys, or organs of Bojaniis, of tho 
Gastropoda are typically paired and symmetrical, somewhat dorsally 
placed near the pericardium, and open externally on each side 
into tho mantle - cavity, generally not far from tho anus, and 
internally into the pericardium by the reno-pericardial openings. 
This typical condition is found in tho Chitonidae (Fig. 308) alone. 
In all other Gastropods the kidneys are of unequal size, and in all 
but the Aspidohranchiata there is only a single kidney, tho right 
one (primitive left) being absent (Fig. 297). 

In the Aspidobranchs there are two kidneys (except tho Neritidae); 
of these the right is always larger than the left, and in addition to 
its proper function discharges that of generative duct, inasmuch as 
the genital gland opens into it (in Haliotis by a large slit, and in 
Fissurella on a papilla not far from the external opening, Fig. 297 
b and c). They both open into the mantle-cavity, one on each side 
of the anus; but with regard to their pericardial opening there is 
some variation. In TroehvSy TurbOy and Haliotis the small left sac 
opens into the pericardium, while the right kidney k without the peri- 
cardial opening. In Fissurella^ Emargintday Patellay etc., it is said 
by some authors that neither of the kidneys have tho reno-pericardial 
opening; whereas in Lottiay and according to other authors Patella 
and Fissurellay the right kidney sac alone has a pericardial opening* 
(Fig. 297 ft). In other Gastropods there is only one kidney, tho left 
(primitive right); it opens externally near the anus, generally into 
the mantle-cavity, but sometimes it opens with the anus, with or 
without a long ureter, and there is a common cloaca (some Pulmo- 
nates, Pteropoda Gymhosomata) •, internally it opens by a ciliated 
orifice into the pericardium (Fig* 297 e). In Palvdina there are 
two kidneys in the embryo, but the one on tho right side disappears 
in the course of development. 

In the simplest cases the kidney is a sac with glandular waUs, but 
it may acquire a spongy texture, or it may consist of a non-glandular 

* R. V. Erlanger, the paired nophridia of Proaobranchs,’* Q J.M.S, 83, 
p. 687. 
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sac giving off branching glandular tubes (CJiitmidae, some Nudi- 
branchs). 

Pericardial glands arc present as differentiations of the lining of 
the pericardium. 

Gtonerative organs. The Streptoneura are dioecious, with the 
exception of Valvafa, MarBenina^ OnchidiopsiB^ OdoBtomia^ and Enio- 
concha ; the Euthyneura and these five genera are hermaphrodite. 

In the dioecious forms there is usually but little to mark the 
sexes externally, unless a penis be present. The generative gland 

a d 
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is a racemoso body placed at the dorsal summit of tlie visceral 
mass in the liver. In the Aspidobranchs as already mentioned it 
opens into the right kidney, and there is no penis. In the Nm- 
tidae and Pectinibranchs it has its own duct, wliich passes along 
the right side of the rectum (Figs. 280 and 297 e) and opens into 
the mantle-cavity not far from the anus. 

The penis, which is very generally present, is a muscular, non- 
invaginable process of the neck of the animal (Fig. 280) on tlio 
right side; and there is a ciliated groove, for the conduct of Urn 
sperm, leading from the male oi>ening in the mantle-cavity to ilic 
penis, and along the penis to its end {Amimllanay Littonnidac^ 
Naticidae^ Cypraeidae, Heteropoda^ Murex^ Doliuiriy StromJms). 
In many forms, however, this groove is closed into a canal so 
that the vas deferens is continued as a tube to the end of the 
penis (Fig. 280). 

There are not usually accessory glands in the dioecious Gastro- 
pods, but in some forms there is a glandular region in the oviduct, 
which secretes albumen, and tlicre is a rcceptaculum seminis in 
Neriiidae^ Paludmidae^ Heieropoday etc. 

In the hermaphrodite Streptoneura there may bo an herma- 
phrodite duct leading to the extenial opening, or dividing into 
male and female portions, which open separately; and the accessory 
glands are more developed than in the dioecious forms. 

In the Euthyneura the organs are more complicated. Tlie 
generative gland, which has the same relations as in tlie Strepto- 
neuray may be itself hermaphrodite to its ultimate follicles; or the 
male and female follicles may be. separate, several female follicles 
being grouped round and opening into a central male follicle 
(Pleurobranchs, most Nudibranchs). In the streptoneurous form 
Entoe&ncha alone are the male and female parts quite separate. 

There is always a single hermaphrodite duct leaving the ovo-tostis. 
In the simplest cases it is undivided (monaulic) and passes to its 
opening on the right side ; from the latter passes a seminal groove 
along the side of the body to the penis, which is placed in front 
(Bollids, Aplysids). In Fo/mfo, PleurolranchidaXy most Nudi- 
branchs and Pulmonates the duct is diaulic, i.e., at a certain point 
in its course it divides into the male part — the ros deferensy 
which passes to the penis, and into a female part — the oviducty 
which passes to the female opening. In the diaulic arrangement 
the male and female openings are either remote from each other 
(Foluofo, most BasommatopJwray Onchidiuniy Vaginulu8)y or close 
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together (most Nudilminclis), or the two ducts join again to open 
into a common cloaca {Stylommatophora^ Siphonaria) (Fig, 298). 

Tliero is a reccptaculum sciiiinis, wliich opens into the herma- 
plinxlitc duct in the iiuuiaulic forms, and into the oviduct (vaginal 
part) in the diaulic forms ; in the Dorids and Elysids this structure 
not only opens into the oviduct but communicates directly with 
the surface of the body by a tute which may be called the vagina. 
The vagina oi)ens close to the oviduct. This is the trianlic arrange- 
ment, and recalls that of the Treimtoda, 

The penis, which is always invaginable, is cephalic in Pulmonates, 
pedal in most Opisthobi^anchs. 

The accessory glands are numerous in the hermaphrcnlite forms 
(Fig. 298). In addition to the reccptaculum seminis alreaily men- 
tioiKMl, there is gencmlly an albuminous gland in connection with the 


hermaphioditc duct, and a 
mucous gland (multifid 
vesicles of Helix) of^ning 
into the vaginal [)art of the 
oviduct. In some HelidtJae 
a pcculiiir sac — the dart-sac 
— which produces in its in- 
terior a dart-like calcareous 
rod, opens into the vagina 
between the two groups of 
multifid vesicles. This rod 
— the so-called love-dart — is 
attached to a papilla at the 
base of the sac; it is pro- 
truded during copulation, 
and seems to play the part 
of a stimulating organ. It 
is usually broken off during 
use, and often remains in the 
1x)dy of the other snail. 

The vas deferens often 
presents a prostatic gland, 
which in some forms is in 
close connection with the 



Flo. 29$ —Sexual organa of the Roman Snail {JUdim 
pomatia)^ illustrating the diaulic arrangement. 
Zd hennaphrodite gland ; Jfg its duct ; Bd alhuiiien 
gland; Od oviduct and seminal groove; Fd 
vas deferens t'-P penis ; hi flagellnm ; Rs recep- 
taculum seminis; D mucous glands ; L love-dart 
in dart-sac ; Go genital opening (after BaasenX 


c vagi liable penial part, and is called the flagellum. 


Tlie liermaphrodite forms appear as a rule to be protandrous, and 


rarely, if ever, self-fertilizing. It is stated that specimens of Avion 
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and Linifuteaj which had been kept isolated all their lives, have 
been known to lay eggs, from which young were hatched ; but these 
may have been cases of parthenogenesis, a phenomenon which has 
of late been observed in quite unexpected quarters. 

In some Gastropods (Palvdina^ Ampullai'ia^ and some species of 
Murex) two kinds of spermatozoa are produced in the same gonad. 
One of these is hairdike and the other vermiform. The meaning 
of the phenomenon is unknown, hut it appears that the former 
alone corgugate with the ovum. 

Fertilization is nearly always internal, and brought about by copulation, wliich 
in hermaphrodite forms with contiguous openings for male and female may l>c 
reciprocal; but in Chitonidaef Patella, Haliotis, and other forms without a penis, 
it is probable that it takes place externally in the sea (it certainly does so in 
Chiton), In such forms also the eggs are often laid singly and without any 
accessory protective capsule {Patella, Haliotis, Chiton), though in Fissurella tliey 
are embedded in jelly. In aquatic forms the eggs are generally united in masses 
of gelatinous matter, which may bo rounded, elongated, or ribbon -shaped, and 
are attached to plants or other bodies (fresh-water Pulmonates, Oj)isthobranchs, 
Bithynia, Valvata, Ueteropoda, etc.). In Streptoneiira several eggs floating in 
albumen are generally enclosed in hard and coriaceous capsules or cocoons, and 
it often h^pp^us that all the eggs in a cocoon do not develop, some serving as 
food for the others. The eggs of NoUica are embedded in albumen mixed with 
sand, and have the appearance of a sandy ribbon. In some Sireptoneura the 
eggs are attached to a part of the body or shell, e.g, Vennetus on the inside 
of the shell, Nerita on the outside. In lanthina they are attached to the float. 

In Stylommatophora the eggs are laid singly, and are often remarkable for 
their size ; in Bulimus, Achatina, and some species of Helix they are as large as 
the eggs of small birds, and provided with calcareous shells. In such cases, 
however, the ovum itself is small, the mass of the egg consisting of albumen. 
The young of Helix Waltoni when first hatched is about the size of a full-grown 
Helix hortensis. In Helix hxyrtAneis and aspevsa the eggs are laid in hollows in 
the ground and covered with earth. In some species of Palttdina, Melania, 
Littorina, Cyviha, lanthina, Clausilia, Helix, Pupa, and Vitrina the eggs 
develop in the uterus, and the young are born fully developed. 

The deyelopment begins with an unequal segmentation leading to 
the formation of a blastula and'gastrula. The blastopore varies in 
its fate : it often has a slitdike form, and as a rule it closes up from 
behind forwards either entirely or persists as the mouth-opening, 
in PcUudina^ how'ever, it persists as the anus. There is a 
well -developed stomodaeum, giving rise to the buccal cavity and 
a short pi'octodaeum. The mesoderm is derived from the endoderm 
near the blastopore (or according to Tbnniges from the ectoderm 
along the site of the blastopore in Paludina), and often gives 
rise to two mesoblastic bands, which in Chiton and some other 
forms early exliibit a cavity. In Chiton^ however, the fate of 
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tliis cavity is unknown; it appears to break up, at any rate it 
has not been traced. In some other forms {Paliulina, Bithynia) 
V. Erlangcr* has shown that it gives rise to the pericardium, 
kidney, and gonad. The same observer also asserts that in PalutUna 



buclion llu ough a segii)ci»ting ovum, with 24 segiiieuts. ft, stage with four mesoderm cells, 
viewed from the lower iwlo. c, oblique optical section through ft. d, older embryo, with 


aliell gland (trochospliero stage). D alimentary canal ; Ec ectoderm ; Bn endoderm ; Fh 


segniciitatiou cavity; mesoderm; .ftT primitive kidney (pronephros); 0 mouth; Oceyes; 
Of otocyst ; It rudiment of radnla ; Wc polar bodies ; S shell ; Sdr shell-gland : Sp apicai 


plate (thickening of ectoderm of preoral lobe) ; Ve velum. 


it is developed as a bilobed outgrowth of the primitive gut of the 
embryo in tlic neiglibourhood of the blastopore. t In the land 
riilmonates the young arc born with the adult form, and there are 
but very slight traces of a velum in tlie development, but in most 
Gastropoda the young leave the egg-membranes as a trochosphere 


lai’va (Eig. 299 d), which very soon 
ac(iuires, if it does not already 
possess them, a shell-gland as an 
ectodermal invagination of the 
extra-velar dorsal siyface, and a 
rudiment of the foot as a pro- 
jection of the ventral surface 
(Fig. 299 d). The shell-gland may 
or may not secrete a chitinous 
plug, but in the veligor stage 
(Fig. 300), which follows the tro- 


S 



Flo, 800.— Young veliger larva ox a Gas- 
tropod (after Gegenbaar). S shell; 
■ P foot; Op operculum; Vel velum; 
T tentacles. 


♦ R. V. Erlanger, “ Ziir Entwick. d. Paludina vivipara,"’ Pt. 1 and 2. Morph 
Jahrb.t Bd. 17, 1891, and “Ziir. Ent. v. Bithynia Untaculata*^ Miih, ZooL Siat, 
Ncapcl, Bd. 10, 1892. 

t This is denied by Tdnnigcs, who asserts that the mesoderm in Fahcdina 
is derived from the ventral ectoderm along the line of the blastopore. Vide 
Zf. w, Z, 61, 1896. 
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chosphci-c, it flattens out ami seci^ctc^^ a plate-like shell, which 
with the development of the visceral sac aetpiires a cap-like form. 
At the same time the dorsal integument at the edge of the shell is 
formed into an annular fok^ encircling the visceral sac. This 
is the mantle-fold; it bcco^ especially deepened on the right 

side, and gives rise to the ment of the mantle-cavity. The 

preoral part of the ]f Hy ah ;c line of the ciliated r^g is pro- 
longed into 2, 4, 6. ^'6 pro * and forms^ the defimto velum 
or sail of the veliger larval^ r^'foot also ‘becomes much more 
prominent, and develops in tn5st cases an operculum on its hind 
end (Fig. 300). 

While these changes are going on, the visceral sac and shell 
become coiled in a nautiloid fashion, and at the same time more 

developed on the left 
side than on the right; 
the beginning of this 
asymmetry has already 
been indicated by the 
development of the 
mantle-cavity somewhat 
on the right side of the 
visceral sac. It soon 
becomes more marked 
and results in the 
mantle-cavity coming to 
lie on the anterior side 
of the visceral sac, and in the commencement of, that dextral spiral 
twist of the visceral sac and shell which is characteristic of so many 
Gastropods. 

The vascular system arises as a set of spaces in the mesoderm ; it 
is customary to state that these spaces are pei'sistent remnants of the 
segmentation-cavity, but it is very doubtful if there is any meaning 
in this statement. 

The larva often possesses some other special organs which deserve 
mention : these are the contractile dnusee and the larval kidneys. 
The former are blister-like projections of the integument, with 
muscular walls ; they are suppo.sed to assist in the larval circulation, 
and are found in various parts of the body, e.g,^ foot. The latter 
(Fig. 299 d) are a pair of glandular tubes which open externally just 
outside the velar area on each side. It has been stated that they 
have internal openings into the blastocoel, but the opposite has also 




CASTROrODA. 


383 


l^een stated, and the balance of evidence is against the existence of 
such openings. 

Miitamoxphosis of the larva into the adult. However sym- 
incitrical the adult may appear to lx?, the larva (except in the 
Chitonidae) always presents, after the trochosphere stage, an 
asymmetrical development of its visceral sac, and there is, in 
almost all, a shell more or less nautiloid in character, and generally, 
though less invariably, an operculum. In the great majority of 
Kufhyneura the shell is lost in the adult, and the operculum, with 
a very few exceptions, also disappear in the same gi’oup. In some 
cases the larval shell is replaced by a permanent shell. 

The asymmetry sometimes appears before the anus and mantle-cavity 
are formed, in which case the visceral sac becomes more developed on 
the left side, and the anus and mantle-cavity appear on the right side 
and then, by the relative growth of parts, shift forwards along the 
right side until they are placed on the anterior face of the visceral 
sac. In cases in which the anus appears before the asymmetry, 
e.g,^ Paludinay it and the mantle-cavity are at first posterior and 
median ; they then gradually pass round to the right side, and 
so to the anterior face of the visceral sac, this shifting being accom- 
l)auied by a gieater growth of the visceral sac towards the left. 
This movement of the anus and mantle-cavity, if viewed from the 
dorsal surface, has been in a direction opposite to that of the hands 
of a watch, and has consisted of a twisting of the visceral sac 
about an axis, which may roughly be described as dorso-ventral, 
through an angle of 180 °, so that the original posterior face of the 
visceral sac becomes the actual anterior face, and the visceral organs 
of the original right side become placed on the left, and vice verm. 
But in all Gastropods, except the AepidohrancUiata^ the organs of the 
original left side of the visceral sac are either not developed, or, 
if they are developed, disappear ; consequently the anus, instead of 
oi)ening into the middle of the mantle-cavity, is on its right side, and 
the actual right gill, osphradium, kidney, and auricle are not present. 
This torsion of the visceral sac round a dorso-ventral axis in a 

ircction opposite to that of the hands of the watch when viewed 
from the dorsal pole, is not the only twisting the visceral sac under- 
goes. It also twists round a horizontal axis passing from right to 
left in such a manner as to form a spiral. If this twisting be 
supposed to have taken place before the tomion first described, the 
visceral sac must have fallen forwards, and so formed a coil like that 
of the shell of Nautilus on the anterior side: such a coil is called 
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exogastlic (Fig. 303). But when the visceral sac has undergone 
the torsion just descriVd, which resulted in its anterior face becoming 
posterior, this coil would naturally bo on the hinder face of the 
visceral sac (Fig. 303). Such a coil is secondarily endogastric and 
is the permanent condition in the ordinary dcxti'al visceral sac of 
most Gastropoda. 



A B 



Fio. 803.— Diagrams illustrating the torsion of the visceral sac, which is supposed to have 
taken place in most Gastropoda (after I.Ang). A represents the hypothetical primitive I'onn in 
which no torsion has taken place. In H the visceral sac has rotated through an angle of 45^ 
ill a direction opposite to that of the hands of a watch ; the mantle-cavity with the gills and 
anus, etc. is now placed on the right side of the body. C, Intermediate stage. D, final 
stage, in which the visceral sac has rotated through an angle of 180” in a direction opposite 
to that of the hands of a watch, and about a dorso-ventral axis; the mantle-cavity with 
g'lls, anus, etc. are now on the anterior side of the visceral sac, and the primitive right gills, 
kidney, auricle, have become placed on the left side. The visceral commissure has become 
twisted into a figure of 8 loo]> The outline of the visceral sac is indicated by the dotted 
line, o anus ; laur left auricle ; in (7, law x>oints to the right auricle ; / foot ; let primitive 
left gill ; Iv primitive left visceral ganglion (sub-intestinal); m mouth ; vmn edge of Jiiantle- 
fold ; rxt primitive right gill; r.r primitive right visceral ganglion (snpra-in(estinal) ; 
t tentacle ; v ventricle ; v.c visceral commissure ; v,8 outline of visceral sac. 
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A glance at the accompanying diagram will explain the effect of 
the first-described torsion about the dorso-ventral axis upon the 
organs of the visceral sac, and 
the course of the peculiar figurc- 
of-8 loop of the visceral com- 
missure. Why the organs of 
the primitive left side disaj)pear 
in so many Gastropods is not 
clear, but their disappearance is 
doubtless connected in some way 
with the tomion, and consequent 
asymmetry produced in the parts 
affected by the torsion. 

In some groups there is a 
tendency for the visceral sac to 
flatten out into a conical form, and 
for the nautiloid shell to become 
conical {Patella^ Fismrella^ Aplysiay PleurobranchvSy DoriSy etc.). 
This is, however, a purely secondary feature, for the young possess 
the typical nautiloid shell, and in some cases the stages of the loss 
of the spire can be completely followed. 

This acquisition of a secondary symmetry, which is found very 
commonly in the Evihyneuray must not, however, Be confused with 
a tendency to detorsion of the visceral sac which is found in most 
Euthyneura. It shows itself in the shifting back of the anus well 
on to the right side and even to the hind end, and in the untwisted 
condition or only partially twisted condition of the visceral loop (see 
account of Actaeon and allies). Formerly this condition was looked 
upon as an arrested stage in the torsion, but having regard to the 
arrangement of the visceral commissure in Actaeon and its allies, and 
to the fact that in the suppression of the organs of the right 
(primitive left) side the Euthyneura are as specialized as the most 
specialized Streptoneuray it is more probable that the condition 
referred to is due to detorsion. Forms in which the anus is 
secondarily shifted backwards almost always present a reduction 
or disappearance of the mantle and shell {Pterotracheciy AplydOy 
Dorids, JanvSy AldenUy Limapontiay Testacellay Onchidiumy Vaginulus). 

By far the majority of the Gaetvopoda are marine. Almost the 
whole of one group of the Pulmonaia {Basommatophora) and the 
following Streptoneura live in fresh water — some Neritidaey the 
Ampullariidaey PaludinidaSy ValvcUidaey BithynUdo/ey Hydrobiidaey 

0 n 



Fia. SOS.-^Ampullaria comu arietls (rtgne 
animal), illustrating the apital torsion of 
the visceral sac about a right and left 
horizontal axis, in which the visceral sac 
has apparently fallen backwards (endo- 
gastric). It is, however, really an exogastric 
coil, because the visceral sac has been 
twisted so that its hinder surface Is in 
ftont. 
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some Cerilhiitlae, the Melmiulaet Gi'emnoconclius, Canidia. The 
PidmoruUa Siylomnatc^hofra and certain Strejptoneum (Helidnidae, 
Oydqphoridae, CydostomcUidae, Acieididae) are terrestrial. Many 
LittorinOy Cerithium, Melania, etc., live in brackish water. Many 
branchiate Gastro})ods are able to live for some time out of water 

in dry places; in such circumstances 
^ ® they are withdrawn into their shells, 

the opening of which is closed by 
the operculum. Almost all move by 
creeping; some, however, as Stroni- 
Im, jump; others, as Oliva and 
AneUlaria SAvim excellently by the 
aid of the lobes of their foot. Some 
marine forms, e.g., Magilns, Ver meins, 
etc., are fixed by their shells; a few 
only are jAurasitic, as Stilifer on Sea- 
urchins and Starfishes, Enioconcha in 
Synapta. The method of nutrition 
differs as much as does the habitat. 
Many, especially the siphonostomate 
forms, are voracious predatory animals, 
and prey on living animals ; some, as 
Murex and Natica, with this object 
bore into the shells of Molluscs; 
several {Stromlm, Buednum) prefer 
de^ animtds. An equally large num- 
ber, viz. almost all Fidmonates and 
holostomatous branchiate Gastropods, 
feed on plants. More than 17,000 
species are known: they are found 
on all parts of the earth ; in the deep 
sea to a depth of 2650 fathoms, and 
from the Himalayas above the snow 
line. Geologically they are found 
at the very commencement of the 
palaeozoic epoch in the Cambrian, and the genus Helix (Zonites 
Montf.) is known in the Carboniferous. 



Fio. 801 — Shell! of A rUurotmaria^ 
B C end B Emarffinvia, 

X> HaUUUt B BitiwnilOt Q and H 
stages in the growth of the shell of 
FUmnUa. 
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SuB^Ass 1. ISOPLEURA* (PLACOPHORA). 

Symmefrical Gastropoda^ with meta'tneric repetition of the denulia 
and Ml-plates, 

In this sub-class the head is without tentacles and sense-organs. 
The foot occupies the greater part of the ventral surface, and has 
a broad flat sole (in Gryptoplax the foot is narrow). The mantle 
occupies the wliole dorsal surface, and completely hides the head, 
TIi(‘ vivsccral sac is flattened and not drawn out into a dome. The 
mantle-fold encloses a shallow groove which completely surrounds, 
the Ijody, and is roughly of uniform depth throughout. The 
ctciiidia, which are bipcctiiiatc and projecting, are attached to the 




Fio. 805.— A, Plaxiphora carpenteri from 
above (4:1). a Chiton from below, 
after Cuvier, (7, UptocMton Belknapi 
from the left (4:1)» after Haddon 
(from SimrothX 


floor of this groove, gt^ucrally in the hinder part, but in some 
forms they extend forwards nearly to the head; they vary in 
luimter from six to eighty pairs. 

The shell-plates, of which there are eight, are partly, and in 
Cryptorhiton wholly, embedded in the mantle; each plate is over- 
la[)ped ))y the plate in front, except in Otyptoplax {Chitonellus)^ in 
which the plates do not touch (Fig. 306). The parts of the mantle 

* A. Th. Middendorf, **Beitrago zu einor Malacozoologica rossica, ***ifdm. 
Acad, Imp, Petersburgy 1848. A. Sedgwick, “On certain points in the anatomy 
of Chiton,” Proc, Roy. Soc,y 1881. H. Siraroth, **Mollusca** in Bronn^s 
Klamn u, Ordminyen, 1893-94. I. Blumrich, ^^Das Integument der Chitonen,’* 
X, /. w. Z,t 52, 1891. A. 0. Haddon, “Report on the Polyplacophora,” 
Challenger ReporUy Ft. 43, 1886. 


\ 
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not coveixjd by the plates bear spicules, which are inserted in 
ectodermal pits. 

The mantle-groove contains, in addition to the gills, the anus on 
a short papilla in the middle line behind, and on each side the 
opening of the kidney, and in front of that the opening of the 
generative duct (Fig. 308). 

In the nervous system (Fig. 307) the nerve-cells are not con- 
centrated into ganglia, but are diffused along the main nerve 
trunks. There are two pairs of main longitudinal trunks — the 
jjedcd in the foot, and the pallial along the mantle-groove. The 
former are connected by a numl)er of commissures throughout 
their extent. The latter supply the mantle, gills, and osphradia. 


A B C 



Fio. 306.— J, Acanthochiton /ascicularis } (after Bluinrich). J5, Cryptochiton stelleri var. violoum 
I (after A. V. Nordmann). C, Crjfptojiax oculatus f (after Haddou). From Siuiroth. 


and to a certain extent the viscera, and end behind by running 
into one another dorsal to the rectum: they are to be regarded 
as corresponding to the mantle-nerves, and partly as the much 
extended pleural ganglia of other forms. These two cords on each 
side join in front, and the single ganglionic cord passes round the 
oesophagus to unite with its fellow across the middle line dorsal 
to the oesophagus. This broad ganglionic band conrsponds generally 
to the cerebral ganglia of other forms. 

The visceral commissure (Fig. 307, VII) is given off from the 
pallial nerves close to where these join the pedal cords, and passes 
only a short distance backwards ventral to the alimentary canal. 
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It has a pair of small ganglia posUaiorly near the anterior part 
of the stomach. 

The stomatogastric comm.ssiirc, witli its contained buccal ganglia, 
arises from the point of division of the cerebral into pallial and 
pedal trunks, and passes between the buccal mass and oesophagus. 
Finally, there is another sulx)eso- ^ 

phageal commissure with a pair of 
small ganglia arising from the 
labial commissure and supplying 
the subradular organ. 

Sense organs. The edges of the 
snout or head arc extern hid into 
sliort labial palps. On the floor 
of tlie mouth just in front of the 
radula is a small epithelial projec- 
tion, which is suj)posed to be a 
sense-organ — the subradular organ. 

Tlie shell-pieces are travei'setl by 
fine nerve-cords, whicli end in the 
m(*gala(*sthctes and tlie micracs- 
thetes. These arc sensory epitlielial 
pa{)illae, and in some forms the 
megalacsthetes arc modifled into 
eyes (Moseley), with a calcareous 
cornea, a lens, and a pigmented 
envelope. It has been asserted that 
the ospliiadia are multiple — one at 
the base of each ctenidiiim — but it 
is doubtful whether there are any 
structures corresiKinding to the 
osphradia of other (Gastropods. 

Ilidges of high epithelium contain- 
ing sense-cells have been described 
in the mantle-gi’oove. 

The alimentary canal begins 
with the mouth, which is placed on 
a projection in front of the foot, the head or snout; it passes back 
to tlie anus, wliich is median and posterior. The radula is well 
developed, and its formula is (3 -f 1) • (2 + 1) • 3 • (1 + 2) (1 + 3). There 
are two salivary glands with very short ducts. The oesophagus is 
short, and is extended into a ^dandular jjocket on each side. The 



Fio. 307.-~C6ntral nervous system of 
Chiton seen from the dorsal side. The 
anterior and ix>8terior ends of the 
aliinentsry canal are repres6Dte<l d^a- 
grainmatically in their relation to the 
nervous system (inodiflerl ffoiii Pel- 
scncer). I stomatogastric commissure 
(buccal); JI labial commissure; JIl 
pedal coni; /P anus: F supra-rectal 
ixillial corom’ssure; F/ pallial coni; 
17/ visceral commissure; VIII sub- 
radular commissure ; IX cerebral com- 
missure; X mouth. 
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stomach is laige and surrounded by the large liver, the ducts of 
which it receives. The intestine is long and coiled. 

Body-cavity. There is a well-marked perivisceral-cavity in rela- 
tion with the alimentary canal. Its nature is not certain, for its 



development is not 
known, and it is not 
connected with the 
pericardium. Provi- 
sionally it may bo re- 
garded as haemocoelo. 

Coelom. The peri- 
cardial cavity placed 
at tlie hind end on 
the dorsal surface is 
u jidouldedly coelo- 
mic, for although il 
has no coniie(tti<«u 
with the gonad, it 
opens into the 
ne|‘hridia. 

The heart (Jh’g, 
308) consists of a 
median ventricle 
giving off an anterior 
aorta, and of two 
symmetrical auricles, 
each of wliich has 
two openings into 


a 

Pio. 808. — ^Dorsal view of the kidneys, generative organs, and 
heart of Chiton discrepans (modified after Sedgwick), a 
anus ; ct ctenidia ; g.d generative duct ; g.o opening of 
generative duct into the mantle-groove ; gon generative 
organ ; h head ; k kidney with its glandular diverticula ; 
m mouth ; t»a» mantle-fold ; pc wall of jiericardium ; p.o 
opening of kidney into the pericardium ; r.o external 
opening of kidney into the mantle-groove ; p ventricle of 
heart, the auriclea are cut away, but their openings into 
the ven^cle are shown. 


the ventricle (in 
Chiion maijiiificMs it 
has recently been 
stated that there are 
four openings on each 
side*). Tlie blood 
flows to the auricles 
from the gills. 


Excretory organs. There are two kidneys (Fig. 308), each con- 
sisting of bent tubes of the typical Molluscan type with glandular 
diverticula* They open into the pericardium on each side, and to tlio 


exterior in the mantle-groove between two of the posterior ctenidia. 


^ B. HsUsr. Beitriige zur Kenntniss der Placopliorco, Morph, Jahrb, 21. 
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Qenerative organs. The sexes are separate, and the generative 
gland is single and median, and occupies the dorsal part of the body 
just in front of the pericardium, with which, however, it has no 
connection. The generative ducts are paired, and arise from the 
hinder end of its ventral surface; they are curved on themselves 
m ar their origin, and in the female have a glandular enlaigement on 
their course. They open into the mantle-groove a little in front of 
the renal openings (Fig. 308). 


O'. ^4 



Fin. 30$).— .4 liirva of Chiton marginatus (after Loyen). Ji embryo, and C lam of Chiton polH 
(uUer Kowalevaky) fboni Korschelt and lleidor. a eye ; k rodiiiiout of ahell-i^tes ; m 
mouth ; at fipincs ; w volum ; wi apical tuft of cilia. 

Tho oggs when laid -have a spiny shell, and may ho kept in 
the mantle-groove or expelled freely into the sea. Fertilization is 
external. 

In the development tho young are hatched as larvae and pass 
tlirougli a trochosphere stage. There is no vcligor stage or nautiloid 
sliell. Tlio blastopore becomes the moutln 

The Chitons are marine animals which live like limpets attached 
ti> stones by the foot. They inhabit tho littoral zone, and have 
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been found to a depth of 2000 fathoms. They aire known fossil 
since the Silurian. 

There is only one family, the Chitonidae, but there is considerable variation 
in the group, both specific and individual, and consequently a large number 
of species has been described. These have been arranged in genera, of which 
there are a considerable number ; but the attempt which has l>cen made by some 
authors to arrange these genera in several families, and these again in sub-orders, 
seems to be going further than the facts warrant, for the uniformity in structure 
in the gi'oup is remarkable, and the differences, though numerous, are trivial 
and unimportant. 

Fam. CMtonidae. With characters of sub-class. Chiton L. plates of shell 
much exposed; Lepiochiton Gray, edge of mantle uniformly covered with scale- 
like spicules ; Callochiton Gray, with branchiae only in the hinder jiart of the 
mantle-groove; Acanthochiton Leach, edges of mantle with spicules united in 
bundles corresponding to the plates of the shell ; Plaxiphora Gray ; Cryptoplax 
Blainville (Chitorulhis Lam.), shell-plates largely concealed and not articulated 
together, foot narrow; CrypiockUon Middendorf, shell-plates completely em- 
bedded in the mantle. 

SUB-CLASS 2. ANISOPLEURA. 

Asymmetrical Gastropoda ioith shell of one piece, never more 
than two denidia, and with a well-marked visceral commissure. 
Generally with a veliger larva. 

The above definition contains the main points in which the rest 
of the Gastropoda differ from the Isopleura. The Anisopleura are 
divided into two orders, the Streptonmra and the Euthyneura. 

Order L Streptoneura.* 

Dioecious Anisojdeura with shell and generally with operculum; 
with gills in front of the heart. Visceral commissure twisted into 
a figure-of-8. 

Behind the head, which is usually distinct and bcai-s a single j)air 
of tentacles, lies the mantle-cavity, into which the rectum, kidney, 
and oviduct open. In rare cases two gills are present, but as a 
rule the right gill is absent. The branchial veins enter the heart 
from the front. The visceral commissure is twisted into a figure- 
of-8, of which the right half passes dorsal to the alimentary canal, 

* E. Clamr^de, “Anatomic u. Entwick. d. Neritina fluv.,” Z. /. w, 2, 1860. 
H. Lacaze Duthiers, “Sur le systemo nerv. de THaliotide et sur la Poupre,” Ann, 
ScL Nai. (4), 12, 1859. Id., *‘Sur I’anat. ct I’embryog. des Vermets,** Ann. 
Sd. Nat. (4), 13, 1860. E. L. Bouvier, “Syst^me nerv., morph gen. et classi- 
fication des Gasteropodes prosobranches,” Ann. Sci. Nat, (7), 3, 1887. Perrier, 
“Sur Tanat. et Phist. du rein des Gasteropodes pvos.,** Ann. Sci. Nat, (7), 8, 
1889. Wegmann, “Contributions a I’histoire naturelle des Haliotides,” Arch. 
Zool. Exp. (2), 2, 1884. Boutan, “Sur I’anat. et le devel. de la Fissurella,'* Arch. 
Zool. Evp. (2), 8 bis, 1886. 
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tlie left lidlf ventral to it. The iJeural ganglia are sometimes 
joined to the opposite half of the visceral commissure by an anas- 
tomotic branch of the pallial nerve {dialyneury^ Cassidana^ on 
left side), or the pallial nerve directly joins the ganglion on the 
opposite lialf of the visceral commissure, f.e., the pallial nerve 
fnnu the right pleural joins 


the sub-intestinal ganglion, 
and that from the left 
pleural joins the supra- 
intestinal (zyyoneunj^ more 
common on the right side, 
ejj.y Ca^ddnria^ where tlio 
riglit pleural is directly 
joined to tlie sul)-intcstinal, 
see a])ove, p. 365, Fig. 286). 

Tl)c males are often pro- 
vided with a large penis 
placed on the right anterior 
side of the body. In the 
generative oi'gans accessory 
glands are usually absent. 
The eggs are surrounded 
by albumen and laid in 
capsules, which are fre- 
quently fixed to foreign 
objects ; sometimes they 



are atta(;hed to a raft of Fio. 310.— Nervous system of //aa’oa's (dfagrammatic 


mucous bub])lcs, to which 
the animal itself adheres 
(lanihina). 


after Spengel). Qg cerebral ^%anglioii ; Pg fused 
pleuml and pedal ganglia; 0 right and O' left 
osphradium ; Ag abdominal ganglion ; JPe pedal 
cord ; S and S pallial nerves ; Br gills. 


Sub-order 1. Aspidobranchiata (Diotocardia, Scutibranebia). 

Ctenidium hipedinaie or absent, latrial commissure ^present. 

Tlie pleural ganglia are aj)proximated to the pedal, which are 
prolonged iiosteriorly into long ganglionic cords (Figs. 283, 310). 
The cerebral ganglia are widely sej>arato from eacli other, and the 
commissure connecting them passes in front of the buccal mass and 
salivary glands. There is a snb-ocsophageal labial commissure with 
buccal ganglia (Fig. 283). The osphradium is small, and placed on 
the l^ranchial nerve. The otocyst has numerous small concretions 
{otoconia). The eye is open (Fig. 290 A), or closed with a very 
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small comca. The radula has multiple centrals. The ctenidla are 
bipcctinato and free mteriorly. Traces of bilateral symmetry are 
usually present. There are generally two auricles and two kidneys, 
which open on short papillae. The gonad (Fig. 297 b) opens into 
the right kidney (except in the Neritidae). 

Tribe 1. 1)OCO0LOS8A. 

Nervous system without dialyneury ; eyes open without lens. Two osphradia. 
Operculum and hypobranchial glands absent Jaw unpaired and dorsal. Radula 
has strong, pillar-shaped teeth, and never more than three marginals on each 
side. A single auricle; the rectum does not traverse the ventricle or the 
pericardium. The visceral sac is conical in the adult, and not twisted. 

Fam. 1. Aomaeidae. Left ctenidium only ; it is to a great extent free. 
Acrnaea Esch. ; Scurria Gray; Addisonia Dali. 

Fam. 2. Patellidae. Limpets, Ctenidia absent, replaced by a circlet of 
plate-like structures in the mantle-gioovc. Patella L. ; Hclcion Gray. 

Fam. 3. Lepetidae. Ctenidia, pallial branchiae, and eyes absent. Lepeta 
Gray. 

Tribe 2. EHIPIDOaLOSSA. 

Nervous system with dialyneury; eyes with lens; a single osphradium (the 
left), except when there arc two ctenidia; one or two hypobranchial glands. 
Jaws paired; marginal teeth of radula numerous, and crowded together like 
the ribs of a fan (Fig. 293 A), A crop, oesophageal gland, and a stomach 
caecum (often spiral) present. Two auricles, ventricle travei-scd by rectum 
(except in Helicinidac). Often with an epii)odial projection, which is frequently 
tentaculiferous, on each side of foot. 

Section A. With two ctenidia (Zygobranehiate), Shell with marginal slit or 
holes corresponding to an anal opening in mantle. 

Fam. 1. Plenrotomaridae. Visceral mass and shell twisted. Mantle slit in 
front ill the middle line. Operculatc. Cambrian onwards. Plcurotomiria 

Defiance (Fig. 304 A); P, quo- 
yana Gulf of Mexico ; Scissur- 
ella d’Orb. ; Trochotoma Dcsli. 

Fam. 2. Haliotidae. Spiic 
of the vi.sccral sac and shell 
mucli reduced. Shell (hit, with 
wide aperture, with internal 
mother - of - jiearl lustre ainl a 
row of holes on the left side 
Fio. 811.--Fi«iir€Wrt mcutiwui (from Broan). over the mantle slit. The 

mantle -cavity is displaced to 
the left side by the enonnous spindle -muscle. Epijuxlium tentaculiferous. 
Without operculum. Ualiotis L., car shell, ormer (Figs. 296 and 304 D), 
adherent to rocks like a limpet; found in large numbers in the Channel Islands. 

Fam. 3. Pissurellidae. Visceral sac and shell conical, with an apical 
aperture or an anterior marginal excavation. Liini)ct-like. Without oper- 
culum. FissurcUa Briig., key-hole linijx-t (Figs. 304 and 311) ; PunHardla 
Lowe ; Pupillia Gray ; Fmargmala Liim., with anterior marginal excavation ; 
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Scutum (Scutus) Montfort (ParinophorusV^\Q,ir\y.)y Australia, shell partly covered 
by mantle ; Ccmoria Leech, Rimula Defrance. Propilidium Forbes and H., and 
Cocculina Dali, allied here. 

Section B. AVith one (left) otenidium (Azygobranchiate). 

Fain. 4. Trochidae. Visceral sac and shell coiled in a sjural ; eyes open ; 
oj>erculuni horny; with head-lobes between the tentacles. TrocJmslt.; Marga- 
rita Leach (Fig. 312) ; Monodmta Lam. 

Fam. 5. Stomatiidae. Spire of visceral sac and shell reduced, StomaUlla 
Lam. ; Geim Gray ; Brotleripia Gray ; Sio7)iatia Lam , without operculum ; 
Phaueta Ad., Iluviatile. 

Fam. 6. Belphinnlidae. Visceral mass and shell spiral ; no cephalic lol»es. 
Ddphinula Lam. ; Cyclosircina 
Marryat. 

Fam. 7. Liotiidae. Lioiia 
Gray. 

Fam. 8. Tnrbinidae. Visceral 
sac and shell spirally coiled ; 
ejupodial tentacles ; calcareous 
oi»erculum. Turbo L , top-shelL 
Pfutsianella Lam., pheasant-shell ; 

MoUetia Jeffreys. 

Fam. 9. Keritopiidae. Aeri- 
toiisis Grateloup. 

Fam. 10. Macloritidae. Ma^ 
clurea Lesueur. 

Fam. 11. Keritidae. Epipo- 
dium little developed, without 
tentacles ; a cephalic penis ; cal- 
careous operculum ; eyes stalked. 

Serita L. ; Neritina Lam., chiefly brackish water and fluviatile ; land species 
are known ; N, fluviatUis MUller, British rivers. Thtodoxia Mont. ; Smaragdia 
Isscl ; Septaria Fer. 

Fam. 12. Titiscanidae. Shell and operculum absent TUiseania Bcrgh ; 
T» Hmacina Bergh., Pacific Ocean. 

Fam. 13. Helieinidae. £pi podium without tentacles ; branchia alisent, 
mantle cavity transformed into a pulmonary chamber ; heart with a single 
auricle, not traversed by the rectum. 0{)erculum without apophysis. TerrestriaL 
JJelicina Lam., Central America and Bahamas; Hydrocciia Parreya; Otorissa 
Blau ford. 

Fam. 14. Proserpinidae. Branchia replaced by pulmonary cavity; mantle 
partly reflected over shell; oiierculum absent. Terrestrial. Proserpina Gray, 
Cuba, Jamaica, Venezuela; Ceres Gray, Mexico. 

Sub-order 2. Pectinibrancliiata (Otenobranchia, Monotocardia). 

Ctenidium 7nonopedinate, generally without labial commissure. 

The nerve-collar is behind the buccal mass, and there is no labial 
commissure (except in PahuUna and Ampullaria), The single 
ospliradium is often i)ectinate, and well differentiated. The eye is 
always closed. Otocysts with otolith (except Paludlna, Valvaia^ 



Pio. 812.— itfarfifcrito ^etnlandiea (after Pelseneer, 
from Lang). 1 head ; t anterior epipodal lobes ; 
5 foot; 4 pigmented eminences at the base of the 
epipodial tentacles 5; 6 visceral sac. 
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Ampullarui^ CyclopJionu^ Acictdot some Cerithiidae^ etc.). Radula 
with central tooth single or absent. 

The cteiiidium, auricle, and kidney of one (right) side are al)sent, 
and the ventricle is not traversed by the rectum. The ctenidium is 
monopectinate (Fig. 280), and attached to the mantle by its whole 
length. The kidney opens by a slit, exceptionally by a ureter 
(PedudinOf Cydophorus^ Valvata), and never receives the generative 
products. A jKinis is generally present, and the^onad has its own 
duct and opening. 

Tribe 1. PmOOLOSSA. 

Without siphon. Peristome entire. Mouth with proboscis or snout Penis 
absent Radula without modian tooth, with .aimerous lateral hooka (oo . 0. oo ). 

Fam. 1. laathinidae. Snout prominent, blunt; tentacles bihd; no eyes; 
shell thin, spiral, without operculum. Foot small, secreting a float, to which 
the eggs are attached. Pelagic, carnivorous. lanthina Lam.; /. fragilia L, 
Atlantic and Med.; Recluzia Pet 

Fam. 2. Solariidae. Shell flattened, with a large umbilicus which extends 
to summit of spire. Head short, proboscis long; foot smalL Tentacles slit 
along their whole length. Solarium Lam. Staii case shell. 

Fam. S. Soalariidae. Shell turriculated ; a small siphon ; foot and proboscis 
short The animal secretes a purple liquid when molested. Carnivorous. 
Scalaria Lam., wen tie-trap. 

Tribe 2. EACHIOLOSSA. 

With long proboscis, evaginable from the base. Radula with at most three 
teeth in each row, a cus|K;d me<Uan tooth, and a curjxhI lateral on each side, 
which may lx* absc’^t ; niargiiuils absent (Fig. 293 C), All possess a siphon and 
are predatory. 

Fam. 1. Iforicidae. Eye's at the base of the tentacles; foot truncated; an 
anal gland. Murfx Tj. Tlie Ancients obtained their purple from species of 
Murex; it is secreted by the anal gland. M, erinaceusj sting-winklo, English 
Channel ; M, trunculua L. llea^is of shells of this species still to be seen on 
the Tyrian shore. Purpura Brug, ; P, lapilltu L., destructive to mussel beds; 
Trophan Montt; Urosalpinz Stimpson. 

Fam. 2. Coralliophilidas. Radula absent. Inhabits coral reefs. Magilua 
Mon if. ; Leptoconchus Rupp. ; Coralliophila H. and A. Adams. 

Fam. 3. Colniabellidae. Columbella, Lam. 

Fam. 4. Vassidae. Foot long, broad, often with terminal appendage; 
siphon long; eyes on outer base of tentacles; central tooth of radula arched, 
multicusped, lateials bicuspid with small denticles between the cusps; shell 
buocinoid. Lam.; iV. reliculala L., dog-whelk, common on English 

coasts at low water ; Canidia Adams ; Cyclonaaaa Swainson ; Bullia Gray. 

Fam. 5. Buceinidae. Eyes at base of tentacles; foot large; proboscis long. 
Central tooth of radula with 5-7 cusps, laterals bi- or tri-cusped. Shell thick, 
cctered with {leriostracum ; danal of varying length ; 0 ][)erculum corneous. 
Bueeinum L., whelk; Chrysodamus Swainaon. 

The Hadiida# {ffalia Riseo) are allied here. 



T0X0GL08SA — TAENI0GL05SSA. 


397 


Fam. 6. Fasciolaridae. Shell fusironn; spire lon^; o[K>rculuji' coinrous; 
head small; short tentacles, with eyes at base; si[)hon moderate, luisciolaria 
Lam. ; Ftcsiis Lam. 

The Turbinellidae {Ilemifiisus Swaiiison; Fulgiir Montf. ; Latirus Montf. ; 
Lagcna Sebum.) arc allied hero. 

Fam. 7. Mitridae. Tentacles carrying eyes laterally; proboscis long; shell 
fusiform, spire pointed; operculum absent. Mitra Lam., mitre-shell; Tfiala 
Ad. ; Turricula Ad. 

Fam. 8. Volutidae, Head flattened, and prolonged laterally into lobes, on 
which arc the eyes. Proboscis short ; siphon with interior api)endagos ; operculum 
generally absent. Valuta h.; Onivillca W nison \ Cij mha Brod, and Sow., boat- 
shell; Cymbium Montf. 

Fam. 9. Olividae. Anterior part of foot separated by a tiansversc furrow, 
iiiesopodium reflected laterally over the shell; eyes i)laced half-way up tlie 
tentacles; shell olive-shaped; operculum present or absent. Oliva Brug., olive- 
shell ; Olirclla Swainson ; Ancillaria Lam.; Olivaiicillaria d’Orb. 

The Harpidae {Uarpa Lam., harp-shell) and Marginellidae {Marghiclla Lam.) 
are allied here. 

Tribe 3. TOXOGLOSSA. 

♦ 

Radula without median and lateral teeth (except Spirotropis\ 1.0. 0.0.1. 
Oesophagus with a largo poison gland; siphon and proboscis well dcveloi)ed; 
carnivorous. 

Fam. 1. Tsrebridae, 

Eyes at end of tentacles; Si, 
foot small ; shell turricu- 
latcd. Terebra Adanson, Q 

auger-shell. 

Fam. 2. Conidae. Eyes 
on outer side of tentacles; 
siphon prominent ; shell 

conical. Conus L., cone- 

shell (Fig. 313); Leach; Fio. 818.— Conus textilis (r6gne animalX 'A proboscis; 5 
Clavalula Lam. ; Drillia 5 ^ tentacle ; 0 eye ; P foot. 

Gray ; Conorhis Sow. 

Fam. 3. Canoellariidae. Proboscis short, usually no radula ; no operculum ; 
vegetable feeders. Cancellaria Lam, 

Tribe 4. TAENIOGLOSSA. 

Radula with normal formula 2.1. 1.1.2. (Fig. 293 B). Marginals sometimes 
numerous. 

There are two sections, the PlcUypoda and ffeteropoda. 

Section 1, Platypoda, 

Normal crcejnng Pectinibranchs, little modified. Foot more or less flattened 
vcntrally. Rarely with accessory glands on the gonerativo ducts {Paludina, 
Cyclostoina, Natickiac^ etc. ). Generally with jaws. 

Fam. 1. Naticidae. Foot very large, partly covers shell ; propodium reflected 
on the head ; shell semi-globular, spire small ; operculum. Eyes often absent, 
carnivorous, feeding on bivalves. Natica Lam. ; Sigarctus Lam. 
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Fam. 2. Lamellariidae. Mantle more or less completely covering the shell. 
Without oi>erculum. Jaws fused dorsally. Lamcllaria Montagu ; Onchidiapsis 
Beck ; VehUina Blainv. ; Marsenina Gray. 

Fam. 3. Tricbotropidaa. Radula allied to that of Velutina, Trichotropis 
Broderip. 

Fam. 4. Karieidae. Foot circular, carrying an epipodial lobe on each side ; 
tentacles flattened ; shell naticoid, with a velvety i^eriostracum. Narica Rccluz. 

Fam. 5. Xenopboridae. Mineralogists, conchologists. Snout elongated ; 
foot divided transversely into two parts, of which the i)Osterior carries the 
operculum. Shell trochiform, attaching foreign bodies (stones, shells) oxtenially. 
Xenophora Fischer. 

Fam. 6. Capnlidae. Visceral sac and shell conical (patcllifonn), slightly 
curved behind, usually with an internal plate ; without operculum ; coluracllar 
muscle horseshoe-shaped. Capulm Montf. (Pileopsis Lam.), bonnet limi>ct ; 
Crepidtila Lam. ; Calyptraea Lam. , cup and saucer limpet ; Thyca Adams. 

Fam. 7. Hipponycidae. Visceral mass and shell conical ; foot reduced, 
may secrete a calcareous base. Hippmyx Defi ance. 

Fam. 8. Littorinidae. Proboscis short, broad ; tentacles long, cyo^ at their 
outer bases ; penis behind the right tentacle ; oviparous or vivi{>arous ; radula 
long; shell turbinate, solid, oj)erculum corneous. Marine or brackish water; 
mostly littoral. Littorina Ferussac, jieriwinkle ; Lacuna Turton ; Crevino- 
conchus Blanford. Fossarus Philippi is allied here. 

Fam. 9. Cyclopboridae. Mantle-cavity without ctenidium, transfoi mod into 
a pulmonary sac. Tentacles long, filiform. Pedal ganglia elongated into cords. 
Otocysts with otoconia. Operculum circular. Terrestrial. Pomatias Hartmann ; 
P. chscurum S. Europe ; Cyclophortis Montf. ; Cyclosurus Morelet ; Pupina 
yigiL ; Cataulm Pfr. ; Cyclolus Guilding ; Pterocyclus Benson ; Lqdopmna Pfr. ; 
MegalomasUma Guild. ; Craspedopoma Pfr. ; Diplommatina Bens. 

Fam. 10. Cyoloftomatidao. Mantle-cavity pulmonary. Ctenidium absent. 
Otocysts with otolith ; jaws absent ; deep median longitudinal groove in foot. 
Operculum generally calcareous. Terrestrial. Cyclostoma Drap. ; (7. clegans 
Muller, Britain and temp. Europe. * 

The Aeiculidae (Acicula Hartm.), also terrestrial and found in Britain, arc 
allied here. ^ 

Fam. 11. Tmncatellidae. Loo])ing snails. A monopcctinato gill ; snout 
long, bilobed ; foot very short. They walk by contracting the space between 
the lips and foot Found between tide-marks, survive many weeks out of water, 
TrunecUsUa Risso. 

Fam. 12. Rissoidae. Epipodial filaments ; operculigerous lobe with appen- 
dages ; shell small, acuminate ; marine and brackish water. Pissoa Freminville ; 
Mtiopa Rang. 

Fam. 13. Hydrobiidae. Operculigerous lobe without filaments ; shell small, 
acuminate. Brackish or fresh - water. Uydrdbia Hartm. ; BiUiynia Gray ; 
Liihoglyphus Mulilfeldt ; Pomatiopm Tyron ; Bithynella Mex^n ; Assiminea 

Leach. 

The Skeneidae {Skenea Fleming) and Jeifreysiidae {Jeffreysia Alder) are 
allied here ; as also are probably the Homalogyridae {Homalogyra Jeflieys) and 
the Cboristidae (Ckoristes Carpentier). 

Fam. 14. Adeorbidae, Adeorhis S. Wood, 
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Fam. 15. Paludinidae. Shell conical or globular, with thick olivc-giceu 
priostracniu ; o|>erculiini horny, normally conceiitnc. Snout blunt, tentacles 
long, eyes on short |>e(licels outside tentacles. Pedal ganglia elongated into 
cords; kidney with ureter. Vivi}»arous. Fresh-water. Pahidina Lam., river- 
snail. 

Fam. 16. Valvatidae. A bi[)ectinatc ctenidiiim projecting freely on the left 
side ; a filiform apjKJiidage on the right side ; eyes sessile behind the tentacles. 
Hermaphrodite. Fresh-water. Valvaia Miiller. 

Fam. 17. Ampullariidae. Mantle-cavity divided into a right branchial 
division containing a monopectinate ctenidium, and into a left half functioning 
as a pulmonary chamber. Oesophageal nerve-collar in front of buccal mass. 
Fresh water. Avxpidlaria Lam. (Fig. 303). Apple-snail or idol-shell. Inhabit 
lakes and rivers in warmer parts of world, retiring into the mud in the dry 
season. 

1^'ain. 18. Cerithiidae. Spire elongated; siphon short; operculum horny. 
Marine or brackish water. Cerithixim Adanson ; Ccrithidca Swainson ; Triforii 
Doshayes; Lacocochlis Dunker and Metzger; Potamides Brongniart 

The Planazidae (Plaiiaxis Lam.) and the Modulidae {Module Gray) are 
allied here. 



Fio. 814.— Ca«<{3 tulcQsa (after Poll, from Lang), a shell ; & anterior canal or spout for the 
siphon ; c siphon ; d head ; g prolK>8Cis ; e eye ; / tentacle ; h foot ; i operculum. 


Fam. 19. Kerinaeidae, Nerimtca Defrance. 

Fam. 20. Melaniidae. Spire elongated; thick, dark pcriostracum ; edge of 
mantle fringed. Vivijiarous. Fresh-water in warmer parts of world. Melania 
Lam. ; Mchinopsis Lam. ; Paludomus Swainson. 

Plearoceridae (fresh- water), PBeudomelaniidae (marine) are allied here. 

Fam. 21. Turritelidae. Shell multispiral or tubular; operculum horny; 
head large and projecting; edge of mantle fringed; foot broad. TurriUUa 
Lam.; Mathilda Semper; Coccum Fleming. 

Fam. 22. Vennetidae. Shell tubular, attached, irregularly coiled, last coils 
not in contact; ojierculum circular. Vermetxis Adans., worm-shell; Siliquaria 
Brug. 

Fam. 23. Strombidae. Wing -shells. Foot narrow, arched, compressed 
laterally, without ventral sole ; snout long ; large and elaborate eyes placed on 
thick jiedicels with slender tentacles arising from the middle of the pedicels. 
Very active, progressing by a sort of letiping movement, idrombus L.; 
Pteroceras Lmi. , scorpion - shell ; TcrebelluviKMu’, Hostellaria L&m* 
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Faro. 24. Chenopodidae (Aporrhaidae). Foot elongated, narrow; proboscis 
short, tentacles long; siphon short. Shell like tliat of SlrombiLS, Chenopus 
Philippi {Aparrhais Aldrovaudus). 

Fam. 25. StrutMolariidae, Shell ])accinoid; operculum claw-shaiKjd, 
notched; foot broad and short. StnUhiolaria Lam. 

Fam. 26. Cypraeidae. Cowries. Mantle reflected over the shell, and 
pi'ovided with appendages; shell convolute, enamelled; spire concealed; outer 
lip thickened, inflected; operculum absent. The young shell has a prominent 
spire. Cypraea L, Cowry; Erato Risso; Omla Drug.; Pustularia Swainson. 

Pam. 27. Doliidae. Shell ventricose, spirally furrowed; no operculum; 
eyes stalked; foot large and expanded; siphon long. Dolium Lam., the Tun; 
Pyrula {Pirula) Lam., fig-sliell. 

Fam. 28. Cassididae. Shell ventricose with varices, spire short, outer lip 
reflected or thickened, operculum semilunar ; eyes sessile ; foot large, rounded in 
front; proboscis and siphon long. Gasm Lam., helmet-shell (Fig, 314); 
Cassidaria Lam. 

Fam. 29. Trltonidae. A proboscis; siphon well developed but short; foot 
short; shell thick, varicose, outer lip inflected and thickened, operculum 
corneous; periostracum often thick and hairy. Triton Lam.; Eanella Lam. 
frog-shell. The genus Oocorys Fischer, is allied here. 



Fio. 316.— Mala of Ckirimria mediterranea (after Souleyet, Gegenbaur, and Keferstein). A anus ; 
Ar anterior aorta ; At auricle ; BG buccal ganglion ; Bm buccal mass ; Br gills ; CG cerebral 
ganglion; F flagellum; L liver; M crop; Mg luautlo ganglion; N kidney; 0 iiiouih; Oc 
eye; Ot otocyst; p pro- and mesopodium ; Pe penis; Pg pedal ganglion ; S sucker; Sp 
salivary gland ; T testis ; Te tentacles ; Vd vas deferens ; Ve ventricle ; Wp ciliated furrow ; 
Z posterior branch of anterior aorta. 

Section 2. Heteropoda.* 

The Heteropoda are free-swimming, pelagic Pectinibranchiates, with laterally- 
compressed foot, taeoioglossate radula, and otocysts near the cerebral ganglia. 
They are without jaws. 

* C. Gegenbaur, ** Untersuch, iib, Fteropoden ti. HeieropodeUf*’ Leipzig, 1854. 
T. H. Huxley, “On the Morphology of the Cephalous Mollusca,” etc., Phil. 
Trans, 1853* 
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Tlie main peculiarity of the body consists in the large sise of the head 
and foot, and the small size of the visceral sac. The foot is divided into an 
anterior part — the so-called pro- and mesopodium (Fig. 8 16 j?)— and a posterior 
part— the metapodium. The former h foliaceous, and often carries a sucker on 
its posterior part ; while the latter, considerably elongated and extended far 
backwards, fonns the caudal continuation of the body. 

The visceral sac is either spirally twisted and enclosed by a mantle and spiral 
shell (Atlanta), or has the foim of a projecting mass, which is placed over the 
hinder part of the foot, and is likewise covered by the mantle and a reduced 
hat-shaped shell (Carinaria) ; or finally, the visceral sac is reduced to a small, 
scarcely -projecting nucleus, which is covered on the front side by a membrane 
with a metallic lustre, and is completely without a shell. 

The nervous system is well -developed. The cerebral ganglia are conjoined, 
and the pleural are fused with them (visibly in Atlanta and PUrotraehea). 
There are two pedal connectives on each side, which are partially free proximally 
in Atlanta, The pedal ganglia are situated at the base of the fin (pro-meso- 
podium). The visceral commissure is long, streptoneurous, and provided with 
several ganglia, but without dialyneury or zygoneury (p. 365). In the Cariimriidae 
there are secondary viscero-pedal anastomoses which are not twisted. In the 
Firolidae the pedal connectives are fused with the anterior part of the visceral 
commissure; and behind the pedal ganglion the two branches of the visceral 
commissure are fused together for the greater part of their extent. 

The osphradium has the form of a more or less elongated ciliated organ in 
the pallial cavity to the left of the ctenidium. The otooysta are close to 
the cerebral ganglia. The eyes are very largo, contained in capsules, and 
moved by special muscles ; they are highly elaborate and are placed at the 
base of the tentacles, which are entirely absent in PUnArathea, 

The alimentary canal has a protractile pharynx with radula, a long oeso- 
phagus slightly swollen towards its middle, and a stomach and liver placed 
behind. The intestine is short and is not curved forward in FterotracKea, 

The heart is near the stomach ; it is in front of the gill in Pterotradua, but 
is disposed as in the Platypoda in the less specialized forms. The arteries 
terminate abruptly in the blood-sinuses. The ctenidium is monopeotinate, not 
covered by mantle-fold in PUratrachea, and absent in Firoloida, The kidney 
is a transparent sac with contractile walls ; it has the same relations as in 
other Gastropods, and opens not far from the anus. 

The males are distinguished by the possession of a large penis, which projects 
freely on the right side of the foot. The males of Pterotrachea possess a sucker 
on the hinder part of the anterior division of the foot ; in Atlanta and Carinaria 
the sucker is present in both sexes. The ovaries and testes fill the posterior 
part of the visceral sac, and are partially embedded in the liver. The ducts 
open on the right side of the body near the anus. There is a ciliated groove 
to conduct the sperm from the generative opening to the penis. The penis 
is provided with a glandular appendage or flagellum. The oviduct possesses 
a large albumen gland and a receptaculum seminis opening into it. 

The Heteropoda arc exclusively pelagic animals, and are often found in great 
numbers in the warmer seas. Their tiasues and shell are transparent. They 
are somewhat clumsy in their movements, which are effected with the ventral 
surface uppermost, by oscillations of the whole body and fin. They are all 
carnivorous. When the tongue is protruded, the lateral teeth fly apart from 
one another like the limbs of a pair of forceps, and when retracted they again 

2 n 



402 


HOLLUSCA. 


fall together; in this way small marine animals are seized and drawn into 
the mouth. 

Fam. 1. Atlantidae. Visceral sao and shell coiled in a spiral. The 
metapodium carries an operculum. Atlanta Lesueur. 

Fam. 2. Carinariidae. Visceral sac and shell conical, and small in relation 
to rest of body ; foot elongated, without operculum. Carinaria Lam. 

Fam. 3. Pterotracheidae. Visceral sac reduced; without mantle and shell; 
a sucker on foot in male only. FterotracJiea Forskal. No tentacles; a tiliform 
appendage at posterior part of foot. Firoloida Lesueur. Tentacles present; 
gill and posterior pedal appendage absent. 

Tribe 5. OTHHOOL08SA. 

Badula and jaws absent. 

Fam. 1. Sulimidae. Proboscis elongated; tentacles without furrow; often 
parasitic on Echinoderms. Shell small, long, subulate, polished. Eulima 
Kisso; Stilifer {Stylifer) Brod., a cephalic pseudopallium extending over shell, 
in body>wall of male star-fish. 

It is convenient to place here the two genera Entoeolax and Entoconcha, both 
parasitic on Echinoderms. In these genera there is only a vestige of the 
alimentary canal with a single opening. The visceral mass is surrounded by 
the pseudopallium, and the cavity so formed receives the generative duct and 
opens to the exterior by a small orifice. Entocolax Voigt. Fixed by the 
aboral extremity ; sexes separate. E. Ludwigi, fixed to the body-wall in body- 
cavity of a Holothurian. Entoconcka Mtlller, vermiform, fixed by the oral end; 
hermaphrodite. Larva with a shell (resembling that of Naliea), operculum and 
velum. E. mirabilia Muller, in body -cavity of Synapta digitata attached to 
intestinal wall. 

Order 2. Euthynbura.* 

Hermaphrodite Anisopleura^ in which the visceral commissure is 
not twisted (save in the Actaeonidae). The primitive left gill^ 
nephridium^ and auricle are always aborted^ and the operculum is 
generally absent. 

There are typically two pairs of tentacles on the head. The vis- 
ceral commissure is generally very short, and its ganglia (Fig. 316) 

* Alder and Hancock, A Monograph of the British Nudibranchiate Molluscaf 
London, 1845-55. Hancock, “On the Anatomy of Doridopsis,” Trans, Linn, 
Soc, London, 25, 1865. H. Lacaze Duthiers, “Anat. et Phys, du Pleurobranche 
orange, “ Ann, Sci, Nat, (4), 11, 1859. Id., “Du syst^iine nerveux des Mollusquos 

r teropodes pulmones aquatiques,’* Arch, Zool, Exp, (1), 1, 1872. Id., “Histoiro 
la Testacelle,” ih, (2), 6, 1887. Vayssi^re, “R^herches zoologiques et 
anatomiques sur lea mollusques Opisthobranches du Golfo de Marseille,^* Ann, 
Marseille {Zool,), 2 and 8, 1885-88. P. Pelseneer, “Report on the 
Pteropoda,“ Challengsr Reports, pt. 66, 1888. Bergh, “Die kladohepatischen 
Kudibranchier,'' Zool, J(dirb, (Abth, f. System,), 5, 1890. Leidy, “Special 
Anatomy of the terrestrial Gastropoda of the U.S.” in Binney, The terrestrial 
air-irrecUhiTig Molluscs of the U,S„ vol. i., Boston, 1851. P. Pelseneer, 
“ R^herches , sur divers Opisthobranches,” Mirmires CouronnSs et Mtmoires 
des Savants Etrangers, Acad, Bruxelles, 53, 1894. L. Pfeiffer, ‘ ‘ Monographia Heli- 
ceorum Fiventium,*' Leipzig, 1848-69 ; and Monographia Auriculaceorum 
Fiventium, Cassel, 1856. A. Rossmassler, ** Iconographie der Land-u, Silsswasser 
Mollusken Europas, Leipzig, 1835-59. Ferussac et Deshayes, Uist, nat, gin, 
et partic, des Mollusques terrestres et Jluviatiles, Paris, 1829-51. 
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all approximated to the oesophagus (except in the Bulloids and 
in Aplysia), In the Bulloids it shows traces of the characteristic 
torsion of the Streptoneura ; and in one form, Adaeon^ it is actually 
streptoneurous (Fig. 318). Hermaphroditism is universal and the 
generative system is complicated by the presence of a number of 
accessory structures (albu> 
men and mucous glands, 
spermathecae, etc.). 

The otocysts generally 
contain otoconia. Fur- 
ther, there is in this order 
a tendency to the reduc- 
tion of the pallial cavity, 
the shell, and the oper- 
culum. The operculum 
is absent in almost all 
forms ; the shell is com- 
l)lctely absent in Nudi- 
branchs, and it tends to 
disap{>ear in Pulmonatcs 
and Tectibranchs. The 
mantle-cavity is absent in 
Nudibranchs, and is but slightly marked off in most Tectibranchs; 
and in cases in which it is present its reduction is indicated by 
the fact that the genital ducts generally open outside it. 



Fio. SIO.— Nervous system of Limnaea (after L. Du- 
thiers). Cg cerebral, Pg pedal, Pig pleural, Ag 
abdominal ganglion ; 0 ospbradiuin. 


As explained on p. 385, the EiUhyiieura may be looked upon as streptoneurous 
forms which have undergone partial de torsion, the result of which is that the 
visceral coniniissure is generally untwisted, and the mantle-cavity and external 
0{>cning3 are, as a rule, shifted o(f the anterior face of the visceral sac to the 
right side, and often displaced far backwards. 


8ul>order 1. Opisthobranchiata. 

Marine Euthyneura icith aquatic respiration. The gills are 
generally behind the heart. The pallial-cavity tchen it exists is 
widely open. 

The mantle-cavity never contains more than one ctenidium, placed 
on the right side of the body. Often there is no ctenidium 
(Nudihranchs). 

Tribe 1. TXCTIBaaHCHlATA. 

Ophlthobranchs provided with a mantle, and a shell (except in Buneina, 
Pleurobranchaetty the P^ictiimtoderrmtidae, Clionopsidaey and Clionidae)^ with 
a ctenidium (except in the three above-named families), and with an osphradium. 
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The tribe inolades three sections — the Bulloidea^ the Aplynoidea, and the 
PleuTohranchioidea, All the families formerly united as Gymnosomatous 
Pleropoda are included with the Aplytioidea^ while the thecosomatous Ptero* 
pods are placed with the Bulloidea, All are marine. 

The leading features of the group are as follows 

1. The displacement backwards of the pallial opening, the anus and the 
oiroumanal complex. 

2. The disappearance of the visceral twist and of the operculum ; the reduc- 
tion of the mantle and shell ; the exposure of the genital opening, and of 
the ctenidium. 

8. The acquisition of external symmetry. 

4. The abUiice of the spermatic groove, which is transformed into a vas 
deferens. 

6. The reduction in the number of teeth in the transverse rows of the radiila. 

6. The concentration of the central nervous system, aud the shortening of 
the visceral commissure. 

7. The displacement of the oesoph^eal nerve collar towards the posterior 
part of the buccal mass. 

In the following table the distribution of these characters amongst the families 
is shown : — 


Pleurobranchidae 

Umbrellidae 

Gymnosomata 

Aplysiidae . 

Lobiger 

PelU . 

Tbeoosomata 

Philinidao . 

Bullidae 

Actaeonidae 


In some members of the type only. 

From this table it is apparent that Aetaeon most resembles the Streptoneura, 
inasmuch as it has its visceral commissure twisted, auricle anterior to ventricle, 
an operculum, genital opening (female) in manUc-cavity, anus forward ; but 
it differs from that group in being hermaphrodite. With all these strepto- 
neurous affinities one might expect the genital apparatus to be of the most 
unspeolalised constmotion, i.e., with an hermaphrodite o{)ciiii)g and perhaps 
without even a spermatic groove, but tliis is not the case : iu its ducts Acta«m 
is as spedalised as any Tectibranch. If we attempt to draw up a genealogical 
acheme for the group, we cannot place Aetaean at the root because in this 
particular it is as bi^ly specialised as any form. Jpiysia on the other hand. 
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while most highly specialised in many of its organs, presents the unspecialized 
features of having an open sperinatio groove and a much elongated visceral 
commissure. 

Section 1. BuUoidea. 


Shell well developed, external or internal (absent only in Bundna), Head 
usually without tentacles, with a broad 
ce])halic disc. £pi[)odia continuous with 
ventral face of foot. Stomach generally 
provided with masticatory plates. In Actaeon 
and the Liinadnidae the foot carries a semi- 
lunar operculum. The pleural ganglia are 
close to or fused with the cerebral. Visceral 
coiiunissure long except in the Livtiacinidae^ 

Cyinhuliidae^ Cavoliniidae» The visceral com- 
missure is twisted in Actaeon in the strepto- 



Fio. 817.— Actosoa tomatUU (after Felaenecr) x 6. 
I iaferior lobe of inantlo; II pallial gland; III 
hypobranchial gland; IF pallial apectora; F eye 
and oephallo shield ; FI penis. 

neurons fashion, and shows indications of the 
same feature in many other Bullmdea. For 
instance, in Scaphander the left half of the 
commissure passes, ventral to the oesophagus, 
to the subintestinal ganglion ; while the 
right half is placed mainly dorsal to the 
alimentary canal and paases^to the supra- 
intestinal ganglion which supplies the gill 
and the ospUradium. The nerve collar is 
anterior to the bucoal mass in Aetasen, 
Bulla Urialat Philinc^ Jhridium, while in 
others (Bulla hydoHst B, cornea, Accra, etc.) 
it is behind The male and female generative 
openings may be in common or separate. In 
the latter case the male opening is at the 
end of the penis on the right side in front 
of the mantle opening, while the female is 
within the mantle cavity {Aetacon). When 
there is a common opening (e.p., Oipnhuliidac, 
etc.) there is a seminal gi*oove to the penis* 



Fio. 818.~NervoQ8 system of Acfocim, 
doml view, x 30 (after Pelseneer). 
I eerebropleund gauglioa : II eye j 
III cerebropedal ooniiectiTe, IF 
nerve lh>m pleuropedsl eonnective, 
Fpenial nerve; FI right aoctesory 
pellisl, FII stomatogMtrlc, Fill 
Bupraiutestinal, IX sab-intestiiial, 
and XI abdominal gangHon; X 
sub-intestinal part of the vlseetml 
commissure^ XIII supimintesUaal 
part of same; XII genital nerve; 
Jr/Foaphradial and XF left aeoea- 
sory pallial ganglion; XFI para- 
pedal oommissiire ; XFII otoeyit; 
JTF/// pedal ganglioii: XiXp^mufh 
pedal eoimeetive. 

Limacinidaa, Cavoliniidac, PcUa, 
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Fam. 1. Aetaeonidae. Cephalic disc bifid behind. Shell external with 
prominent spire, entirely covering animal; operculum horny; visceral loop 
streptoneurous ; epipodia absent. Actaeon Montf. (Fig. 317). 

Fam. 2. Kingicnlidae. Cephalic disc forms behind an open tube. Shell 
external with prominent spire, without operculum. RUujimla Deshayes. 

Fam. 3. Tornatinidae. Shell as before, but spire concealed. Radula absent. 
Tornatirui Adams ; Volvula Adams. 

Fam. 4. Seapliaiidridae. Shell external, without projecting spire ; cephalic 
disc short, truncated behind; radula with first lateral very large ; epipodia well 
developed ; stomach with three well-developed calcareous plates. ScapJiander 
Montf. ; Cylichna Lov4n ; Amphisphyra Loven ; Atys Montf. ; Sniaragdiiiella Ad. 

Fam. 6. Bullidae. Shell external without projecting spire; cephalic disc 
bifurcated behind ; epipodia large ; radula usually miiltiserial. RuUa L., 
bubble-shell; Acera Muller. 

The Aplustridaa {Aphestrum Schumacher) are allied here. 

Fam. 6. PMlinidae. Shell internal; epipodia large; cephalic disc simple. 
Philine Ascanius, three calcareous stomach - plates ; Doriduim Meckel, no 
stomach-plates, two posterior pallial appendages; Gastroptcron Meckel, mantle 
and shell much reduced, epipodia large, united behind. 

Fam. 7. Buncinidae. Cephalic shield and mantle continuous ; shell absent ; 
four stomach* plates. Runcina Forbes {Pelta Quatrefages). 

The following three families were formerly united as Pteropoda Thecosomata, 
characterized by their foot extending round the dorsal side of the head and 
being entirely transformed into two anterior lateral fins, by the existence of a 
mantle-fold, by the absence, in the adult, of a ctenidium (except in certain 
Cavolinia) and of eyes, by the presence of one pair of tentacles of which the 
right is often the larger, by the position of the cerebral ganglia at the sides of 
the oesophagus, by the radula having three teeth in each row (1:1:1), by the 
stomach containing horny plates, and by being pelagic in habit. By the 
operculum of Limacina they are allied to Actaeon, and by the approximation of 
the pleural to the cerebral ganglia and by the stomach-plates, they are allied to 
the Bulloidea generally. The heart has one auricle and one ventricle ; the 
kidney is on the right side, and opens into the pericardium and into the mantle- 
cavity. The genital glands open on the right side, and there is a ciliated 
groove for the sperm leading from the opening to the penis, which is anterior 
and cephalo-dorsal. 

Fam. 8. Limaeinidae. Fins large, mantle-cavity dorsal ; shell spiral, 
sinistral (ultradextral), operculate. Anus, etc., on right side. Feraclis Forl>cs ; 
Limacina Cuvier. 

Fam. 9. Cymbuliidae. Adult without shell ; a cartilaginoid pseudo-shell, 
Bubepithelial and formed by the connective tissue ; mantle -cavity ventral. 
Larva with a calcareoos, spiral operculate shell. Cyrribulia P^r. et I^s. ; Tied* 
mannia D. Chiaje ; Cymbuliopsis Pelseneer ; Oleba Forskal ; Desmopterus Chun. 

Fam. 10. Cavoliniidae. Visceral mass and shell not coiled, symmetrical; 
pallial -cavity ventral. Cavolinia Abildgaard (HyaUa Lam., Fig. 819) ; Cuvierina 
Boas ; Clio L., with subgenera Crescu Rang (Fig. 320), Hyalocylix Fol, and 
Styliola Les. 

The Lophoeereidae are allied to the Bulloidea, They have an external shell, 
a long foot, epipodia separated from the ventral face of foot, and a short visceral 
commissure, and a ctenidium and branchial chamber on right side. Lohiger 
Krohu; Lophou'ixut Krohn* 
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Section 2. Aplysioidea. 

The shell is reduced or absent. The licad is without cephalic disc and has 
two pairs of tentacles. The epipodia arise from the sides of the body, and 
are not direct continuations of the ventral surface of the foot. The visceral 
commissure is much shortened (except in Aplysia\ and the nerve ganglia are 
closely aggregated. There is a 
second commissure connecting the 
pedal ganglia called the parapedal 
commissure, in addition to the 
ordinary one ; the aorta passes 
between the two. The osphradium 
and its ganglion (supplied by a 



Fin. 310. — Larva of Cavolinia (Hjfalea) 
tridentata (after Fol), Ms velum ; P 
foot; the two lateral (epipodial) 
lobes of the foot ; A anus ; M retractor 
muscle ; Md stomach. 



Fio. 320.— acrcuto, dorsal view, after 
Gegenbaur (hind end omitted). A anus; At 
auricle ; Bl blind sac of stomach ; F tentacle ; 
FI fins ; G gonad ; Gg cerebral ganglion ; Af 
stomach; Mn mantle-nerve; N kidney; 0 
mouth; Oe opening of kidney into mantle- 
cavity ; Oes oesophagus ; P median lobe o! 
foot; Ji retractor; Fe ventricle; fVs ciliated 
shield. The terminal part of intestine passes 
ventral to anterior, not dorsal as here repre- 
sented. 


nerve from the supraintestinal) is 
placed at the base of the gill, 
between the openings of the genital 
organ and the kidney. There is 
a seminal groove leading from the 
former to the penis, which is on 
the right side of the head. 

The Aplysiidac and the Fteropoda Oymnosomata are included in this section. 
The Aplysiidac have a widely open mantle-cavity, ctenidium, and an internal 
shell, all of which are absent in the other families. Pivmirwderrna^ however, is 
said to retain the ctenidium in the lateral gill. 

Fam. 1. Aplysiidae. Shell internal, but the sac in which it lies opens by 
a pore in the centre of the doi‘sal surface. With a mantle-cavity and ctenidium. 
Aplysia L., Sea-hare; Aplysiella Fischer; Fhyllaplysia Fischer, shell absent; 
Notarchus Cuvier, epii)odia fused, dorsally to the visceral sac ; Dolahella Lnik. 

The following families, formerly included under Fteropoda Gjrmnosomata, are 
Tvithont mantle or sliell. The bead is well developed and bears two pairs of 
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tentMles, the posterior pair with eyes. The median part of the foot consists 
of a posterior lobe and two antero-lateral lolxis joined in front (horse-shoe- 
■baped) ; the epipodia or fins are quite separate from this median part of the 
foot and from the head. The penis is latero-ventral on tlio riglit side of 
the foot ; a groore leads to it from the genital opening. There is an evaginable 
proboecis generally bearing suckers or appendages with suckers. These have 
nothing to do with the foot. The buccal cavity contains evaginable hook -sacs 
opening on each side of the radula. The jaws are united ventrally in the middle 
line. The stcnnach is without plates. The anus is on the right side. The 
cerebral ganglia are closely approximated on the dorsal side of the oesophagus, 
and the pleural are near the pedal ; in this they differ from the so-callefl 
thecosomatous Pteropods, and resemble tlie Aplysiidae. There may be 
branchial processes of the integument— a lateral one on the right side— and 
a posterior gill. 



FfO. Ml.— o, Pneumoderma vMaceum (from Bronn) from Fio. 822 —Larva of Pneumodtrma 
the ventral surflsce. b, ClUme arutralU (regne animal) (after Qegenbaor). 
from the side. FI flos (epipodia); Te appendages of 
the proboecis, with suckers in a. 

Fam. 2. Pnsnmodemiatidae. With suckers on the proboscis. JDcxiobranehaca 
Boas ; Fneumoderma Cuvier (Fig. 821) ; Spongiobranchaea d*Orb. 

Fam. 8. Clionopsidae. Without suckers and buccal appendages. Proboscis 
veiy Jong. Posterior gill tetraradiate. Clionopsis Troschel. 

Fam. 4. Clionidas. With conical glandular buccal appendages (cephaloconcs). 
No gill. Clicne Pallas (Fig. 821). 

Fam. 5. Ifotobraneliasidas. With conical buccal appendages, without 
lateral gilL Notohmnehata Pelseneer. 

Fam. 6. Halopsjohidae. Body ovate, rounded behind ; without gills or 
proboscis ; fins broadened at the ends. Hahp^ythe Bronn. 

Section 8. Pleurobraaehioidsa. 

The head has two pairs of tentacles, of which the posterior are the rhiiio- 
phores ; the foot is without epipodia ; the mantle-cavity is shallow and contains 
a large ctenidium on the right side. The male and female generative openings 
are near but separate, and there is no seminal groove. The pleural ganglia are 
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close to, or fused with, the cerebral, which are themselves closely approximated* 
The visceral commissure is short and posses^s but few ganglia* In Tylodina 
alone is there an osphradium and osphradial ganglion. 

Fam. 1 . Umbrellidae. Visceral sac and external shell in the form of a flat 
cone ; foot very thick. Umbrella Lam. ; Tylodina Rafinesqne. 

Fam. 2. Flenrobranoliidae. Shell internal or absent; anterior tentacles 
forming a frontal velum ; spicules in the mantle ; foot flat. PUurobrarichuB 
Cuv., internal shell ; Pkurobranchaea Meckel (Fig. 323), no shell ; Neda Adams. 


Tribe 2. NUDIBEAKOHIATA. 

Opisthobranchs without shell in 
the adult state. 

There is no ctenidium or os- 
phradium ; the nervous system is 




Pia. 823. — Pleurohi'atichaea Meckelii (r6gne 
animal). Br ctenidium; F posterior 
tentacle (rhinophore) ; R proboscis ; P 
penis. 


Fio. 324.— Nervous system of TriUmia hombergi 
(after Pelseneer), dorsal view x 19. I cerebral 
ganglion ; II tentacular, III optic nerve ; I V 
pleuropcdal commissure ; V penial nerve ; VI 
parapedal commissure; VV visceral commis- 
sure ; Vll abdominal ganglion and genital 
nerve; Vlll stomatogastric commissure; IX 
buccal, X gastro-ocsopliageal ganglion; .X/p^l, 
XII sub-cerebral commissure ; XIII pedal gan- 
glion ; XI V cerebro-pedal commissure ; XV oto- 
cyst ; XVI pleura ganglipn. 


much concentrated, and the gan- 
glia are generally aggregated, and 
more or less fused together, on the 
dorsal side of the oesophagus ; but 
the ditfereiit commissures— visceral, 
pedal, and buccal — are distinct. 

There are four subocsophageal comraissurea — the visceral, the pedal, the para- 
jKidal (a second thin commissure between the pedal ganglia), and the subcerebral 
(Fig. 324). In addition to tliese there is the stomatogastric system, which 
constitutes another commissure completed ventral to the oesophagus. The 
nerves stiringing from ilic visceral commissure are always unsymmetrical and 
arc cwelusively genital iiid lono-pericardial. 

The 1 )c<lal counnis lu'c is geucially long, but it is short iu Fiona, Ancula, 
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and most Eiydaidea^ in which the pedal ganglia are approximated ventral to 
the oeeophagne. 

The parapedal commissure is homologous with the same stmcture in Teoti- 
branohs, but it gives off no nerves. The relation of the aorta to these 
oommissnres varies, as it does in the Tectibranchs. The dorsal appendages 
or cerata are innervated from the pleural ganglia, showing that tl'ese structures 
are homologous and of a pallial nature. The penis is of a pedal nature, being 
innervated from the pedal ganglion as in the majority of Streptoneura. 

The hermaphrodite gland has male and female acini, which however 
communicate. The animals are protandrons. 

The characters of specialization of the Nudihranchs are as follows : 

(1) Return to external symmetry. This was indicated in Tectibranchs, but 
it is carried further in Nudihranchs, where there may be oomplcto external 
symmetry as in the Dorxdioidea with median anus, and even internal symmetry 
in many of the organs (heart, kidney, liver), but never in tbo generative 
apparatus. In the TriUmioidea this internal symmetry is not found. 

(2) Displacement of the nervous system behind the buccal niaas. 

(8) Concentration of the central nervous system dorsal to the oesophagus. 
The pedal ganglia arc approximated to the cerebral, and tbo pleural a^c fused 
with the cerebral except in Tritoniidae, But as already mentioned in Fiona, 
Aneula, and in most ElysUndea, we find the pedal more or less approximated 
ventrally to oesophagus, and distinct ganglia on the short visceral con) mis.su re. 
In the presence of distinct ganglia on the visceral coniniissurc, often tlircc in 
number, the Elysioidea are more primitive than other Nudihranchs. 

(4) R^uction of the number of teeth of the radula (even to a single tooth 
for each transverse row). 

(6) Diffusion of the liver. 

(6) Triaulic condition of genital ducts. 

The TrUoniidae, which are Nudihranchs because they arc without ctciiidiuin, 
osphradium, mantle>fold, shell, and because they have ceraU, arc without any 
of these features of specialization ; except the dorsal grouping of the cerebral, 
pedal, and pleural ganglia, which arc, however, distinct. But even in the 
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common presence of cerata. 
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nervous system tliey show the six-irializctl feature of the reduction of ganglia 
on the visceral commissure. 

The Dorids arc tlio most specialized of all in possessing the median anus 
and tlic trianlic generative ducts; but they lack the 
ditfusion of the liver. 


Tlie Eolids are highiy specialized in their nervous 
system and ccrata, but have the diaulic ducts. Janua^ 
however, goes further in having a median anus, though 
the kidney is still lateral ; but if we should be tempted 
to put Janus at the top of our genealogical tree we should 
be prevented by the fact that in its nervous system it 
appioaches Tritonia^ and that it has diaulic generative 
ducts. 

The Elysiids retain primitive features of the nervous 
system, but in other rcs{)ect8 are the most specialized of 
the group. But the nervous system drags them down, 
and would prevent us from putting them at the top of 
our genealogical tree. Indeed, by it we might feel inclined 
with Bergh to j>Iacc them in a separate Tribe between the 
Tecti- and Ntuli-branchiata. 

Tribe 1. Tritonioidaa. 

The liver is contained entirely or principally in the 
visceral mass. The anus is on the right side. There are 
generally two rows of branched dorsal apj)endage8. Male 
and female o])enings coutiguovis; genital ducts diaulic. 
The heart is asymmetrical, being on the right side. 

Fuiu. 1. TritoniidM. Anterior tentacles forming a 
frontal velum, foot large. Pleural ganglion distinct from 
cerebral. Kidney a simple sac opening externally on right 
side alK)ve the anus. Two rows of branched cerata without 
liver continuations. Tritonia Cuv. (Fig. 325), Marionia 
Vayssiere, 



Pio. 8Z5. — TriitmUs 
liiuato, dorsal view, 
X 7 (after Haucock, 
from PelseaeerX I 
posterior tentacle ; 
// dorsal appeiKlaget 
(oerata) ; III eye ; 
If frontal velum ; o 
genital opening. 



Fio m.--PhymrKot ftucepkafain, from the right side, x 8 (after Sonleyet). The genital duets 
are supposed to be a little unrolled. I genital gland ; // sperm ovidaet ; /// hepatie doot ; 
iF female genital oriflee; F pedal ganglion ; F/ Mivary gland ; F// mouth ; F/Z/ttomato- 
gastric ganglion ; IX buccal mass ; X tentacle ; XI cerebral ami pleural ganglion ; XI i lobe 
of liver ; XI 11 heart in iwricardinm ; Xif reno-pericaidlal opening; XF external opining 
of kidney ; Xfl auue; Xfll liver. 
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Fam. 2. 8ejllaaidae« Anterior tentacles absent ; two pairs of large folia- 
ceous cerata ; foot narrow. Scyllaea L., on floating seaweed. 

Fam. 3. Pliyllirhoidae. Anterior tentacles and cerata absent. Body com- 
pressed laterally, without foot Stomach with caeca. Orifices on the right 
side. With fin -like tail. Transparent Pelagic. Phyllirhoe Per. et Lea. 
(Fig. 326). 

Fam. 4. Tethyidae. Anterior tentacles absent ; rhinophorcs conical ; bend 
surrounded by a funnel-like velum ; cerata foliaceous ; foot largo ; radula 
absent Ttthys L. Melihe Rang. Cerata of Tethys are capable of independent 
movement after separation. 

Fam. 5. Dendronotidae. Tentacles forming a fringed frontal velum ; cerata 
branched ; rhinophores arborescent ; radula 10:1:10; liver extending into the 
cerata. Dendrmotus A. and H.; Hero Lov4n ; Lomanottis Verany. 

Tribe 2. DOEIDIOIBXA. 

liver not branched ; anus median, posterior, generally dorsal and surrounded 
by ramified appendages — the cerata or branchiae. Genital ducts triaulic. 
Spicules in the mantle. 

Fam. 1. Polyeeridaa. A frontaf velum more or less projecting. Branchiae 
non -retractile. Rhinophores foliate. Euplocamus Philippi ; Triopa Johnston ; 
Polyoera Cuv.; Aneula Lov4n; 0<miodor%i Forbes; Idalia Leuckart ; Heiero- 
dorii Yerril and Emerton ; Aegirus Lov4n ; AcarUhodoris Grubc. 

F^. 2. Borididae. Mantle covering the head ; anterior tentacles small ; 
rbii^hores foliate ; branchiae retractile into a perianal pocket. Horia L. ; 

Chromodoris A. and H. ; Hexdbraiiehiis Ehrbg. 

Fam. 3. Boridopsidae. Doris-like, but mouth 
suctorial, without radula. Doridopsis A. and H. 

Fam. 4. Corambidae. Doris-like, but anus and 
branchiae behind, below the edge of the mantle. 
Corambe Bergh. 

Fam. 5. Phyllidiidae. Mouth suctorial ; no 
radula ; branchiae all round the body between the 
mantle an^ the foot. Phyllidia Cuvier. 

Tribe 3. ASOLIBIOIBEA. 

The liver caeca extend into the cerata, which often 
contain nematocysts. Genital duct diaulic, with 
contiguous male and female openings. Jaws are 
present. 

Fam. 1. Aeolididae. Cerata terminating in o{>en 
jacs (Fig. 329), which communicate with the hepatic 
caeca and give origin by their lining epithelium to 
nematocysts (Fig. 830). Aeolia Cuvier (Fig. 828). 

Fam. 2. Olauoidae. With three paii-s of lateral 
lobes (cerata) carrying tegumentary papillae. Foot 
narrow. Olaxtcxia Forster. 

Fam. 3, Pleurophy l lidiidae. Anterior tentacles constitute a burrowing shield. 
Branchiae beneath the edge of the mantle ; radula 30 : 1 : 30. Pleurophyllidia 
Meckel (Fig. 331) ; Dermatohranchxts Van Hassclt. 

Fam. 4. Botouidae. Cerata tubcrculated, without- nematocysts, and in one 
row on each side. Doto Oken. 



Pio. 827 .— Bori# pilona 
(after Alder and Han- 
cock). Br gUls ; A anus ; 
y tentacle. 
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Fam. 6. Froctonotidaa, Anus posterior in the middle dorsal line. Anterior 
tentacles atrophied. Janus Verany ; Proctonotus A. and H- 

Fam. 6 . Fionidae. Liver as tuo longitudinal canals^ into which open the 
caeca of the ccrata. Fiona Hancock and Embleton. 

Tribe 4. XLYSIOIBXA (SACCOaiOSSA). 

Liver branched, the branches generally extending into cerata. Genital ducts 
usually triaulic, with widely separated genital openings. The vaginal orifice 
is, in some cases at any rate, developed later than the other two openings. 
Without jaws. Radula with one series of strong teeth, the wom-ont teeth at 
the front end not dropping off, but preserved in a sjHicial sac (Ascoglossa Bergh). 
The pedal ganglia are near together, and the visceral commissure has three 
ganglia almost in contact 



Fia. 328. — Acclis pajrillosa 
(aftftr Alder anU Ifancock). 
Up dorsal papillae (cerata). 



Fio. 329.— Section of a dorsal 
papi 11a of Asofit x 40. a ter- 
minal sac which produces 
ncinatocysts ; b ectoderm; c 
hepatic caecum; d tube con- 
necting the caecum with the 
terminal sac ; s opening of the 
sac (after Pelseneer). 



Fio. 380.— A nemato- 
cyst with pro- 
truded thread of 
Ae<dU punctata x 
500 (from Pehe- 
neer, after Vaya- 
tiire). 


Fnm. 1. Hermaeidae. Cemta in several rows ; anus dorsal, ffermaea 
L(>\cn, Stiliger Ehrb., Phylhhranchus A. and H., Cyerce Bergh, hepatic caeca 
do not extend into ccrata ; Aldcna Allman. 

Fain. 2. Elysiidae. Cerata absent ; dorsal integument forms two lateral 
cxjwiiisioijs containing hepatic caeca. Anus lateral. liuno*iH'ricardial openings 
numt’ious Fh/sia Risso. 


414 


M0LLU8CA. 


Fam. 8. Liaiapontiidaa. Without lateral expansions or cerata. Anns 
median po8tero> dorsal. Liver but little branched. Liimponiia Johnston; 
Actaeania Quatref. 

The position of the Bhodopidae is uncertain : they are planuriandike naked 

forms, without branchiae, ten- 
tacles, buccal mass, or radula. 
Recently it has been shown* 
that the larva of this form is 
without a shell ; thus destroying 
the main reason for regarding it 
as a nudibrauch mollusc. 

Su1>ordor 2. Polmonata. 

Eufhyneura in tcliich the 
pallial-cavity is moilijied as 
a lu7i(j, awl is without a 
cteniflium. The opeubuj of 
the pallial'Cavity is small. 

The pallial-cavity is often 
reduced, as well as the shell. 
Sometimes the shell is in- 
ternal or absent. There is 
never an operculum in the 
adult except in AinphilHda 
(it is present in the young 
stages of Auricxda^ Siphon- 
aria, Oadinia). The roof 
of the mantle-cavity is pi-o- 
vided with a network of 
vessels for aerial respiration, 
and the mantle-cavity constitutes a lung. In Vaginulus^ Peronia^ and 
Onchidium the lung is absent in consequence of the almost complete 
disappearance of the mantle-cavity. In some cases the lung may 
be filled with water and serve for aquatic respiration {Siphonariay 
some Limnaea and Planorhis). The auricle is usually in front of 
the ventricle. The kidney has usually a more or less elongated 
duct (ureter). 

The opening of the pallial-cavity is reduced to a pore placed on 
the right side. The anus and renal openings arc placed near the 
op^iing of the lung (in Auricula alone does the anus open in the 

• 8. Trichinese, “Nuove osservationi s. Bhodops Veraniiy^ Rend, Aeead, 
Negfoli (2), vol 1., p. 181. See also L. Bohmig in Z.f, to. 50. 



Fio. S3!.— Uneata^ ventral view 
(from Lang, alter SouleyetX 1 genital opening ; 
$ branchial processes ; S anas ; 4 pedal gland ; 
$ moath S tentacle shield ; 7 foot 
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lung sac). The generative organs open some way in fronts on 
the right side. 

The Pulinonata are generally terrestrial, sometimes fresh-water, 
rarely marine. They are cosmopolitan and include about 6000 
species. They generally become torpid during part of the year — 
in warm countries in the dry season (aestivation), in cold in winter 
(hibernation). Hibernation in this country lasts about one quarter 
of the year, and doling it the heart beats no more than twicer 
a minute. 

The mouth armature consists of an unpaired, homy upper jaw 
(which may be absent), and of a radula with a great number of teeth 
in the transverse row. 

All are hermaphrodite. A few, e.g. species of ClausUia and 
PujHiy are viviparous. Most lay eggs, either, as in the fresh-water 
forms on water plants, united in tubular or flat masses, or as in the 
terrestrial forms in damp places, each one being surrounded by a 
protecting shell which may be calcareous. The ovum is always 
embedded in a large mass of albumen, which serves as nourishment 
for the developing embryo. 

Tribe 1. BASOMMATOPHOBA. 

Shell always present and external There is one pair of non-invaginable 
tentacles, at the base of wliich are the eyes. The penis is remote from the 
female orifice (except in Amphihola and Siphonaria), In Auricula alone among 
Pulmonates is tlie hemiaphrodite duct not divided ; and, passing from its opening 
which is anterior to the mantle-opening, there is a groove which is closed in front 
and leads to the penis. The closed part of this groove lies close beneath a 
8U|>erhcial groove in the skin. In Amphihola, Chilina^ and the Siphonariidm 
the duct splits, but the penial and vaginal openings are joined. There is 
generally a circular osphradium near the opening of the pulmoniury cavity, 
between it and the renal opening. Radula multiserial. Fresh-water or quasi- 
marine. 

Fam. 1. Anrionlidae. Terrestrial, usually maritime. Rospiratoiy aperture 
behind. Shell spiral. Auricula Lam., found in brackish-water swamps of 
tropical islands, on roots of mangroves, and by small streams within the 
influence of the tide ; traces of small anterior tentacles ; Carychium MtQler ; 
Alexia Lam.; Pedipes Adanson; Melampus Montf.; OHna Gray. 

Fam 2. Amphibolidae, Visceral mass and shell spiral ; operculum present 
Aquatic, marine. Amphibola Schumacher, shores of New Zealand and Pacific 
Islands. 

Fam. 8. fiipbonariidae. Visceral mass and shell patelliform; tentacles 
atrophied ; marine with aquatic respiration. S^sKonaria Sow., secondary 
branchial lamellae on roof of mantle-cavity ; Oadinia Gray, no branchia. 

Fam. 4. Linmaeldae. Fresh-water animals with aerial respiration. SheU 
variable. Limnaea L.; £. siagnalii L., pond<isnail; Amphipiplea Nillsson; 
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Physa Draparnaud ; Planorhis Guettird, spire in same plane; Ancylus Geoffrey, 
river-limpet, visceral mass conical. 

Fam. 6. CWlinidae. Pulmonary aperture larger thaii in any other pulmonate. 
Visceral commissure longer than usual. ChiUna Gray, Chilian -snail. 

Tribe 2. 8TTL0MMAT0PH0EA. 

Two pairs of invaginable tentacles (except Athoracqphorua), the posterior being 
oculiferous ; male and female openings united (except in Vaginulus, Onchidium^ 
and Peronia ) ; no osphradium. 

Fam. 1. Sueeineidae. Anterior tentacles reduced ; male and female openings 
distinct, but contiguous. Succinea Draparnaud, amber-snail. 

The Athoraeophoridae {Athoracophorus Gould) are allied here. 

Fam. 2. Helieidaa. Land-snails. Shell external, spire short ; genital organs 
generally with a dart and multifid vesicles ; genital orifice under right tentacle. 
Helix L., over 1600 species; H aspersa Muller, hedge -snail ; //. pornatia L., 
Roman snail; Vitrina Drap., glass-snail; Bulimus Scopoli (1200 species); 
Hemphillia Binney and Bland. 

The Philomyoidae {Pkilomycus)^ without shell, allied liero. 

Fam. 3. Arionidae. Shell absent, or represented by calcareous granules in 
mantle. Slug-like Genital opening just below pulmonary. Fer., land- 

sole ; eggs of A, horteTiais phosphoresce for 16 days after deposition. 


Al 



Fio S32 —Avion empirioorum (rfcgne animal) Al respiratory aperture. 


Fam. 4. Pupidae. Shell external, s]>irc long ; male duct without multifid 
vesicles. Pwpa Lam., chrysalis shell ; Clatisilia Drap,; Vertigo MiiWer ; Zospeum 
Bourguignat ; Balea Prideaux ; Fcrussacia Risso ; Caecilianella Fer. 

Fam. 5. Limacidae. Slugs, Shell small or absent, generally internal, may 
be spiral ; tail often with mucous pore. Genital ducts without multifid vesicles; 
genital opening under right tentacle. Limax L., slug, mantle reduced, shell 
internal, 51 species; Vitrina Drap., glass-snail (here or with Helix); Parma- 
ceUa Cuvier ; Zonites Montf. ; Urocyclua Gray ; Orpiella Gould. 

Fam. 6. Testacellidae. Pliarynx protractile ; jaw absent ; cervical region 
elongated. Slug-like, or with visceral sac spirally coiled ; carnivorous. Gian- 
Schumacher ; DavdehardiaVLartm,; 7*estacellaG\\v,, slug-like, subterranean, 
feeds on earthworms, S. Euroj)e, Canaries, introduced into Britain. 

Fam. 7. Vaginulidae. Without shell; male o[)ening beneath the right 
tentacle, female midway beneath the mantle ; respiratory and excretory orifices 
at hind end. Vaginnlua Fer.; Atopos Simroth. 

Fam. 8, (hioMdiidae. Marine, without shell, mantle often warty, some- 
times with eyes ; genital openings widely separate ; female opening posterior, 
near anus ; anus and pulmonary opening as in 'Vaginnlua, Onchidimn 
Buchanan ; Pei*onia Blainv. 
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Class V. CEPHALOPODA.* 

With well-marked heady a circle of pro4*eHses Ifeanmj suckers or 
teiUcudcs rouiul the mouthy awd a funnel composed of two separate 
or fused halves. The (jenital coelom is continuous with the pen- 
cardial. Dioecious, 

The Cephalopoda are symmetrical animals with a mncli-shortened 
antero posterior axis, and with a strongly -developed visceral sac, 
whicli lias undergone neither toi-sion nor asymmetrical development, 
and which is, except in NautiluSy unprotected by an external shelL 
The mantle-fold is circular and the mantle- cavity is especially 
developed on the jiosterior side of the visceral sac ; in it are placed 
the ctmiidia, cither two {Dihranchiala) or four {fTetralwawchiaia)y 
and into it open the median anus, the ink-sac, the paii'ed kidneys, 
and the gcuiital duct. There are always processes round the 
mouth, which are either lobe-like and caiTy tentacles as in the 
TetmbranchiaU^s, or are arm -like and cany suckers as in the 
Dibmuchiates. They are active, voracious animals, with a complex 
organization, highly developed sense-organs, and often possessed of 
considemble intelligence. The Ccphalopods are marine animals, 
some frequenting the coast, others the high seas, and some the 
floor of the ocean to a depth of nearly 2000 fathoms. About 400 
species are known. They feed on the flesh of animals, especially 
Crustacea, and some of them attain a great size.f The flesh is 
eaten, and the colouring matter of the ink-sac (sepia) and the dorsal 
shell (os sepiae or cuttledK>ne) ai*e used by man. The remains of 
Cephalopods occur in all formations from the Cambrian, and con- 
stitute important characteristic fossils {Bdemnites^ Ammonites). 

* F^russac ct d’Orbigny, ** HisUnre naiurelle gHiiraU et parHculiiTS dss 
Ciphalopodcs acUahxdifires vivants et fossilesy* Paris, 1835-45. J. B, Yermy, 

** MoUusques mSditerrands observtSy etc., d*aprt$ le vivarUy** 1« Partie, QhMy 
1847-51. H. Muller, ** Ueber das M&nnchea von Argonauta arg» u. die Hec- 
tocotylen,” /. w. Z,y 1855, Jap. Steenstrup, ^'Hectocotylua aannelaen hoe 
OctopodsL, etc.,*^ K. Banks. Vidtnsk. Selskahs Skr^tery 1856; translated in 
Archiv. f. Naturge$ch,y 1856. 0. Grobl>6D, ‘*Morphologisohe Stadien ttb. den 
Harn-u. Geachlcchtsapparat, etc., der Cephalopooon,*' Arh. a. d. ZboL Inst. 
Wieuy 5, 1884. W. E. Hoyle, “Report on the Cephalopoda,'’ ChaHenger 
JleporUy vol. 16, 1886. J. Brock, “Zur Anat. u. Syst. a. Cephalopodcn,'* 
Z, f, w, Z y 36, 1882. P. Pelseneer, “ Sur la value morpholomque dee bras et la 
composition du syst nerv. cent d. Cephalopodes,*’ Ar^, Biol 8, 1888. 
Miliie-Edwards et Valenciennes, “Obs. sur la circulation chez lea MoUusques,** 
Afem, Acad, Sci, Paris, 20, 1840. VigcHus, “Ueb. d. excretionssystem der 
Cepbalopodcu," Niederl. Arch, f, Zool,y 5, 1880. Milne -Edwards, “Sur lea 
spermatophorcs des C^phalop^es," Ann. Sci, Nat. Zool, (2), 18, 1842. 

t Specimens of ArckiUiUhis have been taken measuring from apex of visceral 
sac to end of extended arms more than 50 feet, and with eyes 15 inches 
across. 
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The normal swimming position for a Cephalopod (Fig. 333) is 
horizontal, with the anterior surface of the visceral sac upward, 
and the posterior, i.e., the surface on which lit*,s the mantle-cavity 
and the mantle -oi>ening, downward. When ci*eeping the animals 
apply their arms to the substratum and the hump projects backward. 



Fio. 8S3,~>Oc(optt5 vutffarit (after Merculiaiio, from Lang), in swimming and sitting posiUoos. 


Bearing in mind these facts and the fact already mentioned that 
the antero-poiterior axis is much shortened, the ordinary terminology, 
which is ofteifr confusing, used in describing Cephalopoda will l>e 
readily understood. The ventral surface is tlie region including the 
mouth and the anus. The funnel is therefore a purely ventral 
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structure. Tlie doi’sal surface includes the visceral sac; roughly 
the apex of the visceral sac may be regarded as the middle of 
the doi*sal surface. The anterior end is that surface of the head on 
the sides of which the eyes are placed; while the posterior end 
may bo said to be marked by the anus. Inasmuch as the vis- 
ceral sac is normally carried horizontally, the words “upper” and 



Fio. ZZi.—Lcligo wdgaiis (from Lang, after D'OrWgny). A, from the posterior side, showing 
the funnel just in front of the free edge of the mantle. B, from the front side showing the 
eyes on the head. There are also shown the ten arms, the fins, and the chromatophores In 
the skin. 

“lower” are sometimes used in the .sense of “anterior-dorsal” and 
“ posterior- ventral ” respootively ; further, inasmuch as the visceral 
hump is sometiin(‘s shown in figures in its pro^a ' morphological 
position, as standing straiglit up above the head, the words upper 
and lower are sometimes used in the sense of dorsal and ventral, 
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In our descriptions the words upper and lower will ho discardo^l, 
and wo shall uso only anterior and posterior, dorsal and ventral, 
in the sense described above. 

The head is sometimes described as being placed in the centre 
of the foot, and the arms are looked upon as the frayeil-ont margins 
of the foot ; on this view the name Cephalopoda is justified anatomi* 
cally as well as functionally. On the other hand, this view is not 
taken by all anatomists, many of whom regard the funnel as tlio 
sole representative of the foot of other Gastropods. AVe shall 
consider this question further on. 

The head is well-developed, and carries on its anterior sides a ])air 
of conspicuous and generally elaborate eyes. Immediately }>ehind 
(ventral to) the eyes there is often on each side a pit supposed to Ikj 
olfactory. In certain Oegapsida the eyes are stalked; in Nautilus 
they are also stalked, and tliere arc on each side two cephalic 
tentacles in relation with the eye, the preocular and the ix)stocular 
tentacles (Fig. 338, Pr.o, P/.o). 

The margins of the head are produced into exceedingly muscular 
sucker-bearing arms in the Dibranchiates, and into tentacle-bearing 
lobes in Nautilus, Of the former there are always four pairs {Oefo- 
]>oda), and sometimes five {Decapoda) ; they are arranged in a circle 
round the head, and tlie anterior arm of each side is called the first, 
while the posterior arm, viz., that nearest the funnel, is called the 
fourth. The arms of the fifth pair, which are found in the Decapoda^ 
are longer than, and attached somewhat internally to, the othem 
between the third and fourth ; they are often ins(*rt(*d into pits, into 
which they may be retractile {Sejna, Sejnola, Itossia)^ and are called 
the prehensile or tentacular arms. The tentacular arms have suckers 
only near their free, club-shaped end, but the other arms are suckered 
all along their internal (oral) surface. 

The basal parts of some or all of the eight arms of the Octopoda 
may be united by a membrane; in Tremoctopus the four anterior, 
in Histioteuthis the six anterior, in Allopoms and Cirroteuthis all the 
arms are so united along their whole length. The umbrella so formed 
assists in locomotion by its alternate contraction and expansion. 

In the female Argonauta (Fig, 335) the terminal parts of the two 
anterior (dorsal) arms are expanded into thin membranes {vela\ which 
secrete the unilocular spiral shelL 

Finally, in the males one of the arms is more or less modified for 
the purposes of sperm-transference in reprcMluction. The arm so 
modified is said to bo hectocotylizedf because in some species {Argo- 
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nautUy Treinoctojms^ Philonexis) it is entirely detached from the 
male and left in the mantle-cavity of the female, where it was found 
by Cuvier, who mistook it for a parasitic worm and called it 
Hectocotylus, 

The suckers are stalked in Decapoda^ sessile in Octopoda. Further, in Dtca- 
poda they have a horny ring, whicli may be smooth or denticulated in some cases ; 
on certain parts of the arms the suckers may be replaced by hooks, and on the 
tentacular arms of OnychoUiUkis a large retractile hook arises from the centre 
of each sucker. The suckers consist of a disc-like surface, in the centre of whicli 
is a pit ; the depth of this pit can be increased by the retraction of its bottom, 
to wliich muscle -fibres are attached. 



Fio. Z35.—Argonauta ar^(femaleX the paper Kantilus, swimming. 


In the'Tetrabranchiates {NatUilus) there are no arms, but in their place we 
find lobe-like prolongations of the margin of the head, which bear tentacles. 
The tentacles are retractile into sheaths, which are possibly comparable to the 
suckers of the Dibrancliiatcs. The lobes are as follows (Fig. 336) : an external 
annular lobe {b), the anterior part of which forms the hood, into which the coil 
of the shell fits, while the iK>sterior part is much reduced ; this lobe carries 
19 tentacles on each side; within the annular lobe are in the female three tenta- 
culiferous lobes, a posterior (ventral) and two lateral (d, c) ; in the male the 
posterior lobe (d) is reduced to a paired group of lamellae and bears no tentacles, 
and the right and left inner lo^ are divided into two parts, a larger and a 
smaller. On the posterior imier lobe of the female there is a lamellated organ (n), 
and behind it, on the inner side of the annular lobe, another lamellated 
organ {m) to which the spermatophorcs of the male appear to be affixed (Kerr). 
In the male the smaller of the two parts into which the left inner lobe 
is divided ends in imbricated modified foliaccous tentacles (p); it is the 
spadU, and lias been regarded as the lobe used in sperm transference and 
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eorrespondmg to the hectocotylized arm of Dibranchs. The oorrcsponding part 
of the right inner lobe carries four tentacles, and is called the antutpadix (q). 

In addition to tlicso tentacles 



Fm. 886.— Oral surface of a male (^1) and female 
(B) siieciraen of Nautilus pompilius in the exi>anded 
oondltloo, one-third the natural size linear (from 
Lankaster, after Bourne), a the shell ; b the external 


of the lobes, there arc the 
four ocular tentacles already 
referred to. 

The fmmel is a tube 
with muscular walls lead- 
ing into the mantle-cavity, 
and often containing (in 
Nautilus and most Deca- 
pods) a valve which admits 
of passage outwards only. 
It is placed on the ven- 
tral surface behind the 
head, and is to be regardetl 
either as the entire foot 
of the animal, or as the 
epipodia, the rest of tlie 
foot having l>een wrapped 
round the head and frayed 
out peripherally into the 
arms or lobes. ♦ The view 
that the funnel represents 
the whole foot is strongly 
suggested by the arrange- 
ment in Nautilus, In 


tnnnlir lobe carrying 19 teiifacles on each side, and this animal it Consists of 
anteriorly enlarged to form the hood (Fig. 887) ; c the i i v 

right and left inner lobes, each carrying 12 tentacles tWO muscular lateral lobcs 


in the female, and divided in the male into two parts ; 
4 the poeterior inner lobe ; e the oral cone ; / the ten- 
tades of the outer annular lobe projecting from their 


of the ventral surface just 
behind the head, which 


aheaUia; g the two anterior tentacles of this lobe 
belonging to the hood ; i superior, k inferior ophthal- 
mie tentacle ; I eye ; a lamellated organ on the pos- 


are rolled round one 
another without fusion. 


terior inner lobe of the female ; ta paired laminated 
organ on each side of the posterior inner lobe of the 
fkinale ; o the ftinnel ; p apadix ; q antUpadix. 


When these lobes, which 
are of considerable size, 


• The view that the arms represent a portion of the foot is not in our 
opinion aatisfactoriiv established. It rests largely upon the fact that tho 
nervous supply is derived from that portion of tho central nervous system 
which is supposed to represent the p^al ganglion of other Mollusca, But 
this, as Qrabain Kerr has pointed out, is not a strong argument, for a main 
reason for regarding that part of the central nervous system, from which the 
brachial nerves arise, as ^al, is that the nerves to the anus arise from it. 
As pointed out below, separate and distinct ganglia arc not distinguishable 
in tne central nwvous system of CephuUpoda, 
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are iinrcdled and fiattciKHl out, their resemblance to the foot of a 
Grastropod is considerable, and Gmham Kerr has suggested the 
possibility of the animal Inking able actually to unroll them in life 
ind to use them as a foot (Fig. 337). In the Dibranchs the edges 
of these folds are fused, so that the funnel is a complete tube 
(Fig. 334), and in both Dibranchs and Nautilus the broad hinder 
part of it is covered by the nnm tic-folds. 

On each side of the funnel there is in Decapods a peculiar sucker- 
like arrangement by which the mantle-fold can be attached to the 
funnel so as to close the general mantle-opening; it consists of a 
smooth cartilaginous projection on the mantle, and a corresponding 



Pio. 337.- Side view of Nautilus pomp^jtius extracted from the sliell, the funnel has been opened 
out,ttn<i the mail tie- flap partly cutaway (after Graham Kerr), /funnel ; eeye ; pgill; \hood; 
m cut edge of mantle ; s siphuncle ; t tentaculiferous lobeii. 

depression on the funnel. In the Octopoda the mantle-fold is fused 
to the head anteriorly and laterally, so that the mantle Opening is 
much restricted. 

The deep part of the mantle-cavity is placed on the posterior 
surface of the visceral sac, which in the natural position is the under 
surface. It lias in Dibranchs thick, muscular walls, and it contains 
one or two pairs of bipectinate ctenidia, the median anus, the paired 
renal openings, and the generative opening, which is sometimes single 
and sometimes paired. The regularly repeated contraction of the 
mantle-muscles causes the expulsion through the funnel of the re- 
spiratory water, whicli has been taken in through the mantle-opening, 
and with it of the excrementitioiis (renal and anal) and generative 
products. When the contraction is rapid and violent the jet from 
the funmd causes the animal to shoot rapidly backwards; on any 
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alarm the ink-gland, which opens with the anus, pours out its 
black secretion into the water in the mantle-cavity, so that on the 
retreat of the animal backwards in the rapid manner just explained, 
the ejected water is black and produces a murky cloud which 
completely obscures its movements, and under cover of which it 
escapes. 

Nautilus alone has an external shell secreted by the mantle. It 
is spirally coiled, the coil being directed on to the anterior face of 
the animal, i,e,j being of the kind called exogastric ; moreover, it is 
divided by transverse septa into chambem. The bulk of the animal 



Fio. #88,— Nceutiiuj pcmpiiitti (original drawing made under direction of Graham Kerr). EK 
penultimate chamber of the shell, which is in some specimens larger than the ante- 
penultimate ; H hood ; G groove in the hood ; M shell-muscle ; Ma edge of mantle-fold 
passing at Ma' on to the anterior foce of the visceral sac, where it is in relation with 
the anterior convexity of the shell-coil ; P eye partly covered by the mantle-fold ; Pr.o 
preocular tentacle; Ft.o postocular tentacle; 0 part of the outer wall of shell which has 
not been cut away ; On initial coil of the shell ; S siphon ; ^ iK>stseptal neck ; T tentacu- 
liferous lobes ; Tr funnel. 

occupies only the last of these chambers, hut it is incorrect to say 
that all the chambers except the last are untenanted ])y the animal, 
for there is a delicate process of the dorsal end of the hump — the 
siphon or siphuncle, which is coated with a thin layer of calcareous 
matter, and passes through all tlic septa right up to the fust chamlwr. 
The chambers of the shell contain a gjis Avhich is said to have 
approximately the composition of atmospheric air. 

The retractor muscles of the head and foot arc inserted on to tbo 
internal wall of the shell, and a small anterior llap of the luantlf-fdM 



CEPHALOPODA. 


425 


extends on to the convexity of the coil just dorsal to the hood 
(Fig. 338, Ma). 

In the Dibranchs there is a spiral, chambered, mantle-shell in the 
Decapod Spirula^ but it is coiled in the 
opposite way to that of Nautilus (endo- 
gastric), and does not enclose the vis- 
ceral sac. It is in fact partly internal, 
being largely covered by lobes of the 
mantle. The septa are, however, per- 
forated by a siphon, which contains a 
prolongation of the visceral sac. 

In certain extinct Dibranchs there 
was a similar internal, chambered shell 
— either coiled {Spiruli- 
rostra) or straight {Belem-- 
nitidae). That these were 
internal or partly intenial 
is shown by the fact that 
the chambered part of 
the shell or phrofjniocone 
is covered by a calcareous 
layer, often laminated, 
which fomis the rostrum 
or guard. In the Belem- 
nites the wall of the 
phragmocone (conatheca) 
is continued forwards into 
a proostracum, which must have been 
somewhere in the neighbourhood of the 
animal’s body and head. 

In all living Dibranchs except Sinrula 
the shell is quite internal, being con- 
tained in a sac in the anterior wall of 
tlie visceral sac, and much reduced. 

In the Sepiidae, or cuttle-fishes, it is 
called the cutfled>one or sepiostaire^ and 
consiwsts of a broad plate composed of 
laminated tissue containing air spaces and ending behind in a 
IK)inted rostrum. In the Squids it is a lamellar body composed 
of conchyolin, without calcareous matter, and is called the pen, 
III the Odopoda both the shell and its saq arc absent. The shell of 



Fio. 330.— Sjrfmra 
peronii (Bronn). 



Fio S40.—BeUmnites with the re- 
tntins of the body of the animal 
(after Huxley), a armi with 
hooks; h h^; c ink- bag; d 
phragmocone ; e guard. 
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the female Argonaut, which has already been referred to, is not 
a mantle-shell. Fins of various forms are often pi'esent as lateral 
expansions of the mantle. 

The dermis contains the remarkable chromatophores which cause 
the well-known play of colours. These consist of large cells filled 
with pigment (red, blue, yellow, or dark coloum); to their walls, 
which are formed of a cellular membrane, numerous radiating 
muscular fibres (by some observers said to bo connective tissue 
fibres) are attached. When the latter contract the cells are dilated 
and the pigment spreads over a larger area, and so gives colour to the 

skin. When the contrac- 
tion ceases the cell returns, 
in virtue of the elasticity 
of its walls, to its original 
shape, and the pigment is 
again concentrated in a 
small space, and the skin 
becomes uncoloured ; thus 
the animal eliaiiges its 
colour. The chromato- 
phores are probably under 
the control of the will, and 
are connected with a special 
centre in the stalk of the 
optic ganglion. The eye 
seems to be the organ most 
intimately connected with 
them, for if the optic nerve 
be cut the power of volun- 
tarily changing colour on 
that side is said to be lost. Nevertheless there seem to be peripheml 
centres through which these organs* can bo brought into action, 
and the animals seem to have the power of changing their colour 
involuntarily according to the colour of their environment. In 
addition to the chromatophores there is a deeper layer of small 
shining spangles, which produce interference colours and thus give 
rise to the peculiar lustre and iridescence of the skin. 

In certain abyssal Cephalopods there arc cutaneous phosphorescent organs 
consisting of a superficial refractile structure and a deep photogenic layer ; they 

• Krukenberg, Vtrql, iihymL Siudien an den Kitten dcr Adria, Ilcidclhorg, 

1880. 



Fio. 841.~lDterDal shells of CephaJopoda (from Lan- 
' kester). A, shell of CemoUnthU dupiniana from the 
Neocomian of France. £, shell of Sepia OrHgniana^ 
Mediterranean. C, shell of Spirulirottra Bellardii, 
fjK>m the Miocene of Turin ; the specimen is cut so 
as to show the chambered shell and the laminated 
guard deposited upon its surface. O, shell of SirinUa 
laevis* 
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are all directed towards the oral extremity (HistiotmthU). Aquiferous pores 
leading into spaces in the integument, but not communicating with the vascular 
system, are found in many Dibrunchs. 

There is an internal cartilaginoas skeleton which serves for the 
protection of nerve-centres and sense-organs, and for the attachment 
of muscles. The cartilaginous tissue itself closely resembles the 
hyaline cartilage of vertebrates, differing in the fact that the cells 
are connected by their branching processes which traverse the matrix 
in all directions. In the head there is in Dibranchs a complete 
cartilaginous investment for the great ganglionic masses and otocysts, 
which furnishes lateral cup-like expansions for the eyes. In NatUilus 
there is a corresponding cephalic cartilage on the ventral side only of 
the nerve-centres, extending also into the tissue of the funnel. 
Cartilage is present also in other parts of the body, e,g. the branchial 
cartilage, fin cartilages, nuchal cartilage, dorsal cartilage. 

Nervous system. There is a great concentmtion of ganglionic 
matter round the oesophagus, and it is difficult to trace exact 
homologies with the nerve-centres of other Molluscs. 

In Nautilus there are two ganglionic rings round the oesophagus 
behind the buccal mass (Fig. 342). They are connected dorsally, 
above the oesophagus, in a common mass (JT), which may be called 
the cerebral mass and compared to 
the cerebral ganglion of other Mol- 
luscs. The anterior ring innervates 
the funnel and cephalic lobes, and 
may be compared to the cerebro- 
pedal commissure and pedal ganglia 
of other types; the posterior ring 
innervates the mantle and viscera, 
and may be compared to the cerebro- 
pleural commissure, pleural ganglia, 
and visceral commissure of other 
Molluscs ; it gives otf a pair of stout 
nerves (F) which pass backward 
(dorsalwards), on cither side of the 
vena cava; these supply the gills, 
osphradia, and viscera, but do not 
form dorsalwards in the visceral sac, visceral ganglia. The cerebral 
portion supplies the eyes, otocysts, ocular tentacles, lips, etc., and 
gives off on each side two nerves to form stomatogastric commis- 
sures which surround the oesophagus immediately behind 



Fio. 842. --Central nervous system of a 
female Nautilus fh>m the left side (from 
Pelscneer after Valenciennes). I ac* 
cessory pedal ganglion; II nerve to 
funnel; III pedal; IV visceral gan- 
glion; V visceral nerve; VI pallial 
nerves; VII tentacular nerves; VIII 
olfactory, IX optic nerve ; X cerebral 
ganglion; XI otocyst; XII stomato- 
gastrie commissure (for detail see 
Fig. 848) ; XIII buccal mass. 
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the buccal mass. This stomatogastric system (Fig. 343) consists of 
the two above-mentioned nerves (ex) on each side, which pass forward 
from the cerebral ganglion to end in the two pharyngeal ganglia 
{ph. g). These. are connected by a long anterior commissure (ant. 



Fio. 84S.--Bttccal nervous sysUm of HauUlut pompHius 
(afUr Gnham Kerr). ph,g pharyngeal ganglion ; 
tmc .0 boeeal ganglion {bue.g ought to point to the 
swelling from which the nerves ph.n come off); 
c.e cerebro-lduuryngeal connective; 6icc.pAar.eoa 


com) which passes ventral 
to the mouth, and by a 
shorter posterior commis- 
sure, the buccal commis- 
sure — (Imc. phar. com. and 
b. com .) — which is also 
ventral to the oesophagus, 
and contains in its course 
two buccal ganglia (Imc.g.). 
The ganglia and commis- 
sures of the stomatogastric 
system supply the buccal 
mass. In the female there 
is an acec.Ksory ganglion 
supplying the inner ven- 
tral cephalic lobe, and 
connected with what has 
been called above the 


hiiooo • pharyngeal connective; pA.« pharyngeal 
nervee ; h,e(m bnccal commiMore (etomatogaetric) ; 


pedal ganglion (Fig. 


aiU.9om anterior pharyngteal commiMore. 


342, I). 


It shonid be noted that the nerrea to the cephalic arms come oiT rather high 
up on the anterior ring, and that the nerve to the funnel arises quite veutrally. 


In the Dibranchs 
the great nerve 
centres are com- 
pletely enclosed in 
the skull. As in 
Nautilus it is difficult 
to speak of special 
ganglia, for the whole 
miueia ia gahglionic. 
The part dorsal to 
the oesopha^pu we 
may call the cerebral 
ganglion (Fig. 344, 1); 
thin gives off later- 



Fio. S44.--Onitrml nervous system of OmmaloUrtphMi from 
the left siUe, msgnibed (after Pelseneer). a buccal mass ; 
6 brachial ganglion; c oesophagus; d pedal ganglion; t 
nerve of the Ouinel ; / position of the otocyst ; g pieuro- 
visceral ganglion; h visceral nerve; i posterior salivary 
gland ; j pallial nerve ; k optic nerve, cot ; I cerebral gan- 
glion ; m stomatogastric (buccal) ganglion ; n anterior part 
of the cerebral ganglion (suprabuccal) ; o anterior salivary 
gland. 
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ally the great optic nerves (/•), and 
is continued at the sides of the 
oesophagus as a broad commissure, 
which leads to the sub-oesophageal 
mass. The sub-oesophageal mass is 
indistinctly divided into a posterior 
part, which is supposed to consist 
of the pleural and visceral ganglia 
(t.e., ganglia of the visceral com- 
missure) fused and an anterior 
comparable to the pedal of other 
types {d\ the anterior aorta passing 
ventralwards between the two. The 
IKjdal portion is generally divided 
into two parts, a portion behind — 
the pedal proper — supplying the 
funnel, and a brachial part (b) in 
front, supplying the arms. 

The cerebral ganglion is connected 
by two thin cords, or by one soon 
dividing into two, with a ganglion 
on the buccal mass called the mpra- 
buccal ganglion (Fig, 344, n; Fig. 
345, b). This is to be regarded as 
a detached portion of the cerebral ; 
it gives off the stomatogastric com- 
missui’e, which is completed ven- 
tmlly to the oesophagus in the 
infra-buccal ganglion (Fig. 344, m; 
Fig. 345, a), or buccal ganglion 
proper. The cerebral and the supra- 
buccal are both connected with the 
brachial or anterior part of the pedal 
by separate commissures (Figs. 344 
and 345). In Octopus the supra* 
buccal ganglion is not separated 
from the cerebral. 

The pleuro-visceral portion of the 
sub-oesophageal gives off from the 
pleural portion two large pallial 
nerves (Fig. 344, j ; Fig 345, m) 



Fio. 845.~>Cciitt«l nervoiu syitein of 
OfMnaioUrefhes^ doml riew (afttr 
Hancock, Pelaeuoer). a ttomoto- 
gastric (bnccal) ganglion; b anterior 
part of cerebral ganglion (snprabuccal); 
c optic ganglion ; d visceral ganglion ; 
$ rectal nerve; / stellmte ganglion 
(mantle ganglion) ; g commiasnral gan- 
glion of the visceral nenrea ; h bmchinl 
ganglion ; i viaeero - atomatogastrie 
anaatorooeis; J stomach ganglion; k 
oeaopbageal atomatogaatric nerven; I 
cofmmisaore of the mantle ganglin ; m 
pallial nerve ; n vieceral nerve ; o cere- 
bral ganglion, beneath which a probe 
indicates the passage of the oesophagus, 
and of the stomatogastric nerve from 
q to k ; p brachial ganglion ; q oeso- 
phageal atomatogaatric nerve. 
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to the mantle ganglion {ganglion 8tellaium\ which are in some 
forms connected by a commissure (Fig. 345, 1) dorsal to the oeso- 
phagus, and from the visceral portion two visceral nerves, fused 
at their origin, to the viscera (Fig. 345, n).^ The visceral nerves 
join behind in a ganglion {g\ which gives off a right and loft 
nerve to the two brachial ganglia (j?). The infra -buccal ganglion 
gives off a nerve backwards (Fig. 345, /«;, and Fig. 342, XI\ which 
runs along the oesophagus and ends in a large ganglion on the 
stomach (/). This ganglion gives off a nerve which anastomoses 
with the visceral nerves (i). 

Organs of sense. Tactile sensibility is specially localized in the 
arms of Dibranchs and tentacles of Nautilus. There is an organ 
which is supposed to be oZ/oc^ory, just ventral to the eye; it generally 
has the form of a pit {Sepia\ but it may be tubercular. It is 
innervated from the cerebral ganglion. Osphradia are absent in 
Dibranchs, but are supposed to be present in Nautilus (see below). 
The otocysts in Nautilus are placed high up on tlie anterior ring close 
to the cerebral ganglion (Fig. 342, Jf/), and are sometimes described as 
being adjacent to the pedal centres ; they contain numerous otoconia, 
In Dibranchs they are embedded in the floor of the skull, and they 
form a kind of labyrinth, their walls being drawn out into short 
diverticula; they each contain one large otolith, and are innervated 
from the pedal ganglion by a nerve which arises from the cerebral. 
The tube which connects them with the exterior in the embryo 
persists as a caocal process from the otocyst. Damage to the otocysts 
of C^halopoda has been found to interfere with their power of 
maintaining equilibrium. 

The eyes in most forms arc extremely complicated in structure. 
In Nautilus^ however, they are very simple, being altogether without 
refractive media, and consisting merely of a vesicle with an extremely 
narrow opening to the exterior. The lining of the vesicle constitutes 
the retina, and is continuous tlirough the aperture with the external 
ectoderm ; it consists of two layers separated by a layer of pigment. 
The eye of Nautilus is therefore constructed on the principle of the 
pin-hole camera, there being a dark chamber lined by the sensitive 
membrane, and a minute hole for the entrance of light. 

In the Dibranchs (Fig. 346) the optic vesicle is closed, and its 
front wall secretes a cuticular biconvex lens (L ) ; part of this lens is 
thrown down by the lining epithelium of the outot wall of the vesicle, 
and part of it by the outer ectoderm. The lens is therefore theoreti- 
cally in two parts, and is traversed by the front wall of the vesicle. 
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The front wall of the vosiclo at the point where it runs into the lens 
is thickened, and constitutes the ciliary body {Ci), The outside skin 
is thrown into folds over the eye: internally there is a fold which 
covers over the ciliary body, and extends as far as the periphery of 
the lens; it is highly pigmented and constitutes the iris (Jk). 
Outside this is another fold of much greater extent, which meets 
over the front of the lens ((7), and bounds a space — the anterior 
optic chamber — the inner wall of which is formed by the lens, 
iridean folds, and choroid. This fold constitutes the sclerotic and 
cornea; it is in the Oer/opsida perfomted by a small pore over the 
lens. Outside the skin may be again folded to form an eyelid. 



Fio. 846.>-Section through the eye of Sepia, diagrammatic after Hensen. At argentea externa ; 
C cornea ; Ci ciliary body ; Go optic ganglion ; Jk iris cartilage ; K cartilage of optic bulb ; 
KK cephalic cartilage ; L lens ; Opt optic nerve ; P pigment layer of retina ; Se outer layer of 
retina ; JU inner layer of retina ; W white body. 

The retina consists of two layers {Re and Rt), as in 
divided by a layer of pigment (P), and the sensitive layer is that 
which lines the optic vesicle or posterior optic chamber (vitreous 
humour). The optic nerve comes from the large optic ganglion (Oo), 
which is protected by the orbital expansion of the cephalic cartilage 
(KK). The choroid is the internal continnatidn of the iris, and forms 
the inner wall of the deeper |)arts of the anterior optic chamber ; it 
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is pigmented and contains from without inwards (1) a layer of 
epithelium,* (2) a layer of obliquely-placed plates called the argentea 
externa, (3) a layer of muscles, (4) the argentea interna, (5) a carti- 
laginous capsule (if), which lies next (6) the spreading out fibres of 
the optic nerve. 

At the side of the optic ganglion within the orbit is a glandular 
body called the white body ( W), 

Alijnentaxy canaL The mouth, which is placed within the circlet 

of arms, is surrounded by a circular fold forming a kind of lip (Fig. 

347, L)y and, in addition, in the 

Dibranchs by a membrane called 

the buccal membrnne. The buccal 

membrane is in some Decapods 

divided into lobes alternating with 

the arms and bearing suckers. The 

entrance to the mouth is armed 

with two powerful horny jaws, an 

upper and a lower (Mxiy Mxs)^ which 

resemble in form a reversed parrot's 

beak, the lower jaw being the larger 

and overlapping the upper. The 

radula (iZa), which arises in a 

sheath, usually has in each row a 

median tooth and three teeth on 

each side, and there may be in 

addition, outside these, some flat, 

non-toothed plates (the radula is 

absent in Cirroteuthis), There is 

a sub-radular organ in front of the 

radula. The salivary glands {Spd) 

open into the buccal cavity; in 

Ociopoda there are two pairs, of 

which the ventral is applied against 

Fic. 847.-4>igegtive Epparatus of sep(a the buccal mass, while the dorsal is 

(after W.Xefi^rtteln). L Jfp , i 4 , i, m. ^ ^ 

lower and upper jaws; JUt mdula; ClOrsal tO the skull. The ducts of 

the latter unite, and pass forwards 

duci;6>pEpiaiichuic(EtoinEch)ga&giioz); With the oesophagus. In the Deca- 

dorsal glands are alone 

present. 

• Not very diatmet in the figure ; it is the inner lining of the space enclosed 
by the great corneal sclerotic folds. 
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The oesophagus (0^), with or without a crop-liko dilatation, is 
long and ends behind in the stomach (if), which is provided with 
a large, often spiral, caecum (if'). The intestine leaves the stomach 
close to the oesophageal entrance, and passes as a straight or slightly 
coiled tube {Nautilus^ Octopus) to the anus {A). 



Fio. 848.— Male Nautilut, ventral view ; the mantle is drawn back; reduced, after KefersUln 
(from Felseneer). a eye; 5 genital opening; c opening of the anterior kidney! d inter- 
branchial papilla ; e opening of the posterior kidney ; /edge of mantle ; g poetanal papilla ; 
h external opening of the pericardium ; i posterior gill ; j anus ; k anterior gUl; I fhnnel ; 
m tentaculiferous appendages. 

The liver (L) is a compact gland, and consists of two lobes, more 
or less united, one on each side of the oesophagus. The bile ducts 
(G(j) are two in number and covered by a glandular tissue called 
pana^eaticy but really renal (see l^elow) j they open into the caecum 
of the stomach. 
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In Nautilus the dorsal salivary glands are not present and the liver is less 
coin|)act and in four lobes, each with its own bile duct. 

The ink sac (Ti), which is absent in Nautilus and Cirroteuthis^ 
is a rectal gland. It is placed on the posterior side of the visceral 
sac close to the mantle-lining, and opens into the rectum. 

The perivisceral cavity is, as in Gastropods, partly coelomic and 
partly haemocoelic, but the coelomic portion has a much greater 
extension than in other Molluscs. 



The haemocoelic part of the body-cavity is best developed in 

NautiluSf where it forms a 
cavity, in relation with the 
crop, vena cava and one loop 
of the intestine; it occupies 
the anterior side of the vis- 
ceral sac, and does not extend 
to the apex (which is occu- 
pied by genital coelom). It 
is traversed by connective- 
tissue strands, and commu- 
nicates with the vena cava 
by numerous foramina in tlio 

VI, I 

Flo. 84«.-Diagr«m of the renal and circulatory latter. In Di- 

apparatua of a Decapoel, ventral vie# (nflcr hraiiclis the hoemocoelo is 
FelaeneerX I ctenldium; II renal sac; III . j ^ a. i 

afferent branchial vessel; IV branchial heart; 1^®^ developed; in Uctopo<l8 
r abdominal vein ; VI ventricle ; VH coelom ; Jjjjg jjjg fojjjj of ^ J^rge 
VIII genital gland projecting into the genital . i 

part of the coelom, which in front is in relation SinUS SUrrOUnding tllC OeSO- 

with the heart aa the vi8cero-pcricar.li«l^ phagUS, dorsal salivary 
and opens into the renal sac at XVII; /A ^ ® ^ *' 

posUrior aorta; X auricle; XI ap^iidage of glands, bilc ducts, and ante- 

rioraorta; and communicate. 

of kidney ; A/ r vena cava; Xr anterior aorta; with the great Vena Cava. 
jrr/branchof veiiacava: Xr/Ireno-pericardial * i •x i j.u 

opening. cavity round the 


m 


buccal mass is a blood space. 

The perivisceral part of the coelom is divided into two parts, which 
however communicate — the so-called viscero-pericardial sac, corre- 
sponding to the pericardium of other types, and the genital portion. 
In Nautilus the viscero-pericardial cavity is in relation with the heart 
and pericardial gland, while the genital portion contains the gonad 
and has relations with the stomach and intestine. Soth open to the 
exterior, the pericardium by two openings placed respectively just 
internally to the openings of the posterior nephridia (Fig. 348, h), 
while the genital opens by the single genital duct into the posterior 
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region of the mantle-cavity (Fig. 348, h). In Dibranchs (Fig. 349) 
the perivisceral part of the coelom is also in two communicating 
parts: (1) the genital division, which ojicns to the exterior by the 
genital duct, and is related only to the gonad ; and (2) the viscero- 
pericardial which has relations to the heart, stomach, intestine, 
branchial hearts, and pericardial glaiuls (DecajmJa)^ and docs not 
open to the exterior. In Odopoda (Fig. 350) the viscero-pericardial 
coelom is prac- 
tically absent, 
being reduced to 
a small space 
( VI) on each 
side round the 
glandular api>cn- 
dages of the 
branchial heart 
(pericardial 
glands), which 
opens ( VII) into 

the nenhridium SOO.— Diagram of the coolom of a female Octopus, rentral 
* . (iK>8U3rior) vievr (nom PclHoiioer, aftec Brock). / biancbial heart; 

and com muni- // canal connecting tUo genital and visceral parts of the coelom; 

Cates bv a narrow oviducts ; ir ovlducal glaud ; V appendage of branchial heart ; 

^ VI perivisceral (pericardial) coolom ; YU reno-pericardial opening ; 

canal {II) with r/// ovary ; /XgenlUl coelom. 

the apically- 

placed genital division of the coelom. In Dibranchs the perivisceral 
(viscero-pcricardial) part of the coelom also communicates with the 
kidneys, and not directly with the exterior (Fig. 349, XVII\ whereas 
in Nautilus it has no opening into the kidney. 

The branchiae have the form of two {DibrauchicUa) or four 
{TetrahrancMata) bilamcllato ctenidia, which are placed on the 
visceral sac in the mantle-cavity, and are not ciliated. In Nauftlm 
they project freely and the [posterior are a little larger than the 
anterior; in Dibninchs they are attached to the body along one 
side of the axis. 

Osphradia are alisent in Dibranchs, but in Nautilus there are two 
pairs of papillae in the mantle-cavity, which are supposed to repre- 
sent them. The anterior pair is 1)otween the two pairs of gills 
(Fig. 348, rZ), while the posterior osphradia* are the so-called post- 
anal papillae placed near together on the mantle between the renal 
sacs and the nidamental glands in the female, and in the same 

* Vide A. Willey, Q. J. M. S., 40, 1897. 




436 


M0LLU80A. 


position in the male (Willey). They are innervated by branches 
of the visceral nerves. 

Vascular system. The heart lies in the viscero-pericardial cavity 
(except in the Octopoda)^ and is placed at about the middle of the vis- 
ceral sac. It consists of a median ventricle and of as many lateral 
auricles as there are gills (Fig. 351). A largo anterior (ventral) 
aorta passes off from the ventricle^ and gives in its course strong 
branches to the mantle, alimentary canal and funnel, and breaks 
up in the head into vessels to the cephalic organs, A posteriorly 
(dorsally) directed visceral artery also leaves the ventricle, supplying 
the viscera and gonad. The capillary network, which is richly 
developed in all the organs, passes partly into sinuses, partly into 

veins which are col- 
lected through lateral 
veins into a large 
anterior and a pos- 
terior vena cava. 
Each of these bi- 
furcates into two or 
four trunks (accord- 
ing to the number 
of the gills) which 
carry the blood 
through the kidneys 
to the gills. Im- 
mediately before 
their entrance into 
the gills, the walls 
of these afferent 
branchial vessels are 
(except in Nautilm) 
especially muscular 
and rhythmically 
contractile, and con- 
stitute the h^anchial hearts. The glandular appendages of the 
branchial hearts are the pericardial glands. 

In Nautilus the vascular system is largely lacunar, but in Dibranchs capillaries 
are developed, though these may end in sinuses which open into the veins; in 
Octopoda especially there is a large sinus already described, which opens into the 
anterior vena cava. 



Fm. flSl.— CfreuUtory and renal organs of Sepia oJJkinalU 
finom the dorsal (anterior) side (after HunterX Ao' and Ad' 
interior and posterior aorta ; Ap appendage of the branchial 
heart: At^ Atf aaricles ; Br gills; C ventricle ; Kh branchial 
heart; N renal appendages of the veins; V lateral vein ; 
FSr afferent branchial vessels; Vd, Vcf* anterior and 
posterior vena cava. 
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Tlie excretory organs lie on the posterior side of the visceral sac 
close to the mantle-cavity, into which they open. Tn Dibmnchs they 
are two in number and are either completely separate {Octopoda\ 
or they are connected together, generally through an anteriorly and 
dorsally-placed portion which is of considerable extent and lies close 
under the shell. This unpaired portion contains the so-called pan- 
ci*eatic tissue of the bile ducts, and is in relation with these 
structures. The anterior and posterior afferent branchial vessels 
run in the walls of these kidney sacs on their way to the gills, 
and give off blind diverticula which project into the cavities of the 
kidneys. The kidney epithelium, which is flattened over the rest 
of the sac, is especially glandular on these vascular diverticula 
(Fig. 349, XII) and secretes the waste matter in the form of 
concretions which largely consist of guanin. 

Each kidney opens into the mantle-cavity through a papilla placed 
not far from the anus, and into the pericardial coelom by a pore not 
far from the external opening. 

In Nautilus there are four kidneys which open to the exterior; 
one pair opens just anterior (i.c., ventral) to the anterior gills, and 
the other pair just anterior to the posterior gills and close to the 
openings of the pericardium ; they are without any internal opening 
into the coelom. The four afferent branchial vessels run in the wall 
separating the four kidneys from the pericardium, and give off 
diverticula, which are covered with glandular tissue, into the peri- 
cai’dium as well as into the renal sacs. The four tufts of glandular 
processes thus projecting into the pericardium constitute the peri- 
cardial gland, and are larger than the corresponding processes on the 
opposite side of the septa projecting into the renal sacs. 

The kidneys and gills of Nautilus have been spoken of in the text as anterior 
and |)osterior, but it must be borne in mind that, owing to the fact that t)ie 
IMirt of the body in which they lie has l)een prolonged vcntrally in the mantle- 
fold, the posterior kidney and gill are really ventral, i.c., nearer to the mouth 
than the anterior, which are placed just at the point where the mantle-fold 
is given off from the body. The pericardium, which is also in the mantle- 
fold, is actually posterior to the kidneys, and the posterior walls of the 
kidney -sacs form the anterior wall of the pericardium ; but it must be 
remembered that morphologically the pericardium is dorsal to, i.e., nearer the 
apex of the visceral sac than, the kidneys. 

The Ceplialopoda are dioecious. The sexes present external differ- 
ences, which are sometimes very marked. In many cases the males 
are much smaller than the females, as in Argonauta^ in which genus 
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the fomalo is further distinguished from the male hy possessing a 
shell. In Nautilus there are cunsidemldc diircreuces in the numl^r 
and amingemont of the cephalic tenhiclcs (sec alKjvc p. 421); and in 
jftll Dilwauchs one of the arms of tlic male is different from the rest 
and said to be hectocotylized (sec p. 420). 

Hid sexual gland is single, and at t^ie apex of the visceral sac. 
It is in both sexes a special developmait of a pc^rtion of the 
epithelium lining the genital division of the coelom. The sexual 
cells are dehisced into the coelom and pass out by the genital 
ducts, which open into the coelom and jwsscss accessory glands on 
their course. 

The generative duct of one side is usually suppressed or vestigial. 
In Nautilus in both sexes the right duct persists, and the left is 
vestigial, having lost its internal opening but retained the external. 
In all male Dibranehs the left duct is alone present; this is also 

the case in all females 
cxce[>ting the Oegopsida 
and Odo^poila (except 
Ciirofeufhis)^ in which 
both oviducts are present 
in fimctiunal develoi)- 
ment. 

In NatUilm the genital 
coelom coiiimuuicates with 
the pericardial hy three 
openings in the septum 
whiuli sepirates them, and 
the stoniacli and intestine 
project in til it The genital 
gland is a hollow structure, 
and is to he regarded as a 
folded -off portion of the 
genital coelom, to the ante* 
rior wall of which it is 
attached ; it o{>eiis into the 
genital coelotn close to the 
opmings of this latter struc- 
ttirc into the pericartlium. 
The reproductive cells are 
product frcun the lining 
of the gmiital gland, and 
in the female the ripening ova, covered with their follicle colls and the flat 
cells of the peritoneum, project into its cavity. In the male the walls of the 
genital gland are folded so as to give rise to a nuntl>cr of branched tuhes, 
which open into the central cavity of the organ. The genital duct in both 



Ffo. lei-^lfale sexual organs of Sepia qfieinalU (after 
Dttvemoy, modifteU m)m Qrobbeu). T testis with a 
piece of peritoaeuiii ; To opening of the testicular tubns 
into the ooeloiii ; Vd vis deferens ; 0 oi>eniiig of tlw 
VMdefhreiui into t^e body-oavlty ; Ve vcsiculH seminalis ; 
iV prostata ; Sp Needhain's sac ; Oa geueraUvaois^uiiig. 
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sexcA Olsens into tlie coelom close to the ojKiung of the genital gland, and into 
the mantle cavity to the right side of the middle line on the oral side of the 
anus ; while the vestigial left duct opens to the left as the so-called pyriform 
organ. The vas deferens has an accessory gland and a 8i>ermatophore sac, and 
opens at the end of a papilla — the so-called i^eiiis. 

In Dihranchs the genital glands and genital coelom are much as in NaniiluB^ 
except that the latter has no relation to the alimentary canah The oviduct 
possesses an oviducal gland in its coiirse, and opens into the mantle-cavity 
on the left side, or when two arc present symmetrically on both sides. 



Fill. SSS.-Sper- 
iiiatopliore of 
Sepia (after M. 
Edwards)* 



Fio. 854.— Posterior view of visceral sac of a fBmale Sepia 
partly dissected (after Grobben). Ad accessory nida- 
mental gland ; A/annn ; Get stellate ganglion ; X gills ; 
Kh branchial heart; Kka pericardial gland (appendage 
of branchial heart); Lk tube fh>m perivisceral ooelom 
to the kidney (renal coelom), often called the aqailbrons 
canal; If kidney; Xd nidamental gland; Od ovklnet; 
Od. 1) oviducal gland ; Oe oxterual opening of ovidnet ; 
Ov ovary in the genital coelom which has been opened ; 
U ureter. 


The vas deferens opens at the same place as the oviduct, but has a much more 
complicated structure. In Sepia wc get the following jmrts (Fig. 352) : (1) a 
coiled narrow t\ibo ( Vd) which 0 [»cn 8 into the genital coelom, (2) a long dilated 
vesicula semiiialis {F$) w*ith two prostatic glands ojiening into its terminal 
portion (/V), (3) a 8|>acions sac, known as Noedhanrs sac, in which the sperma* 
tophores arc stored, and which opens into the mantle-cavity at the apex of a 
papilla placed on the left side. 
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The nidammUil glaivds are accessory glands of the female, which secrete the 
egg envelopes and open into the mantle-cavity. In Nautihis there is a single 
gland in the mantle-wall dorsally. In Decapoda they are in the anterior wall 
of the mantle-cavity superficial to the kidneys, and there are generally two pairs 
—the ventral being the smaller (Fig. 854, Ad, Nd), 

The eggs are surrounded (Argonatiiaf Octopus^ S^ia) by capsules 
with long stalks, which are united together in racemose masses (so- 
called sea-grapes), and fastened to foreign objects in the sea. In 
other cases the eggs are aggregated in gelatinous tubes which may bo 
attached together in great numbers (Loligo). In Argonauta they arc 
placed in the shell. 

The epermcUophores (Fig. 353) are manufactured in the male 
generative ducts. They are elongated, vermiform bodies containing 
spermatozoa, and often presenting a most elaborate structure. In 
Dibranchs they may be described as tubes containing spermatozoa 
at one end, and a piston and spiral elastic spring at the other. 
We may presume that under proper conditions the spiral spring 
elongates and drives down the piston, which then expels the 
spermatozoa. 

The spermatophore are sometimes very long : in Eledotie 8 centi- 
metres, in Octopoda with autotomous hectocotylus they may attain 
a length of 50 centimetres; and in Nautilus^ in which they are coiled 
on themselves, they may be more than 30 centimetres long. 

In the Dibranchs one of the 
arms of the male is always ino<1i- 
fied, or hectocotylized as it is called, 
for purposes of copulation. In 
the Decapoda it is usually the 
fourth, left arm; but in Enoplo- 
teuthis it is the fourth right, 
and it may vary from the fourth 
right to the fourth loft in the same 
species ; in Idiosephis and Spirula 
both right and left fourth arms 
are modified, and in SpinUa en- 
closed in a common envelope ; in 
Octopoda it is usually the third 
right, but in Scaetcrgits and Argo- 
nauta it is the third left, and the 
second right in Cin'oteuthis, In 
most cases the modification con- 
sists mainly in a reduction of the 
suckers, and the arm is not de- 
tached ; it affecta the extremity of 
the arm in Enoplotcuthis^ Elcdone, 
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OetopuB; its base in Sepia^ its whole length in Idio9cpim and lioaia, and loliolui. 
But in three genera, PhilonexiSf TremoeiopuSf and Arffonauta, the modiftoatioii 
is much more extensive, and the arm affected is charged with spermatozoa, 
cast off, and deposited in the mantle-cavity of the female (see above). Tills 
is called an autotomous hectocotylus. The roodifioation is as follows : before 
sexual congress the arm in question is represented by a somewhat globular 
sac, which consists of flaps of the basal part of the arm wrapped round the distal 
part. Soon this sac bursts and allows the distal part and the suckers of the 
basal part to appear (Fig. 355). The distal part thus set free has at its end 
a small sac, which in its turn bursts and allows a long terminal filament to 
issue. The folds which formed the first-named sac, give rise to a receptacle oh 
the aboral side of the arm, which becomes charged with spermatophores.. This 
spermatophore receptacle communicates with a small vesicle in the base of the 
arm, which leads into a long canal extending along the arm and filament, atid 
opening at the end of the latter. How this arm, which is deposited in the 
mantle-cavity of the female, is used in fertilization, and how it becomes charged 
with spermatophores is not known. After the arm is detached a new encysted 
arm is said to be formed on the scar. 

Those Cephalopoda which arc without this autotomous hectocotylus are said to 
copulate mouth to mouth, the modified arm being used to aflSx the spermato- 
phorcs to the buccal membrane, or to transfer them to the mantle-cavity of the 
female. In Sepia and Loligo s[)ermatophores are found in the pockets in the 
buccal membrane, and in Nautilus withih the annular lobe of the head (v* p. 421). 

Development. Tho egg of all C^halopoda is large and heavily 
charged with yolk. This is the case even with NatUilm^ as may 
be gathered from the ovarian egg, for the laid egg* of Nautilus 
has never l>een found. Tliere is no larval stage, not even a trace 
of the velum, and the young are hatched with the form of the 
adult. The development is therefore very different from that of 
other molluscs. 

In Dibranclis the cleavage is partial, aud confined to one pole of the egg ; os 
in the bird’s egg it gives rise to a blastoderm or germinal disc, which in the 
subsequent development is raised more and more from the^subjacent yolk. Soon 
several projections ap^Hjar on the embryonic nidimeut (Fig. 856). First in the 
centre of the germ a flattened circular ridge is formed round a central depression ; 
the ridge is the mantle, and the depression is the shell-gland. In Octopoda 
{Argonauta) tho shell -gland seems to shallow out and disappear, but in 
Decapods it becomes closed over and persists as a sac in which the shell is 
de[K)8ited. 

On eacli side of the mantle the two parts of the funnel (Tr), which even in 
Dibrunchs are separate in the embryo, appear ; and between these and the 
mantle the gills {Br), Also laterally, but external to the folds of the funnel, 
tlie lirst traces of the head appear as two pairs of elongated lobes, of which the 

* Since this w^as written, tho egp of Nautilus have been found by Dr. Arthur 
Willey, the Balfour student of the Univtrsity of Cambridge (Proe, Roy. Soc.^ 
vol. 60, 1897, p. 467). The eggs, which are laid singly, are enclosed in a double 
capsule of cartilaginous consistency. The ovuin is very largo (17 mm. in its 
longest diameter) and is surrounded by albumen. 
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Fio, 356. — Embryonic development of Sf}>m 
officinalis (after Kdlliker). a, view of germinal 
disc frojn above; the coinmenciiig embryo lying 
on the yolk; 7ir gills; Tr folds of the funnel; 
Oc eye; M mantle, h, somewhat later stage, 
from the front; D yolk ; KV anterior, A7" jios- 
terior cephalic lobe ; 0 mouth, c, later stage, 
from the side ; 1-4 first rudiment.s of arms, d, 
older stage from the fyoiit ; 5 fifth |)air of arms, 
e, still later stage in lateral view ; the halves of 
the funnel have united. 


anterior external pair bear the eyes 
[Oc). Oil the outer edge of the disc 
papilliform stmetures are formed, 
the first rudiments of the arms. 
In the later growth of this abso- 
lutely symmetrical embryo, the 
Cephalopod form becomes gradu- 
ally more and more apparent : the 
mantle projects considerably, and 
grows over the gills and two parte 
of the funnel, which fuse to form 
the definite funuel. The cephalic 



Fin. 357. — Almost 
ri|)« ombryo of 
iyepia offi^'iualis 
fiom the dorsal 
(anterior) face 
(after Kolliker). 
Ds yolk sac. 


lobes grow together between the 
mouth and funnel, and on their 
oral sides become more sharply 
constricted off from the yolk, 
which, with a few exceptions, 
jiersists for some time as a yolk 
sac. The yolk sac is attached 
between the mouth and anus, and 
may be regarded in the later 
stages as a swollen up iwrtion of 
the foot. It should he noted that 
the embryo is formed on the dors^il 
side of the yolk sac, and never 
completely surrounds it. 
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Older 1. Tetuabranchiata ♦ 

CephaloifOfla with fmr gilh in the wantle-mcitg. 

The appcikdiiges of tlio head arc iieculiar, eonsiwting of a number 
of lobes carrying sheathed tentacles; they are descrited on p. 421. 

The cephalic cartilage, instead of forming a complete ring, consists 
of two horae-shoC'shaped limbs, on which the central parts of the 
nervous sybiem lie. The eyes are without a lens or other refractive 
media. The funnel is formed of two lobes which are not fused. 
There is no ink sac. The ctenidia are four in number, as also arc 
the bi*anchial vessels, auricles, and kidneys, and probably the 
osphradia. The pericardium has a pair of external openings, and 
does not communicate with the kidneys. There is a multilocular 
external shell, in the last chamber of which the animal lies. It is 
secreted by the mantle and covers the visceral sac. Its chambers 
are filled with air and are traversed by a siphon. The shell consists 
of ail external, frequently coloured, calcareous, porcellanous layer, 
and an internal mother-of-pearl layer. 

The position and structure of the siphon, as well as the form of 
the septa, and the lines of fusion of the latter with the shell, afford 
important characters for the classification of the fossil Tetrabran- 
chiates. 

There is only one living genus confined to the Indian and Pacific 
Oceans, but the extinct members of the order are numerous and 
important. 

The siphon (or siphuncle) in NautihiB may have a complete but thin naoreona 
investment, or only a partial one next one face of the septa, in which case it is 
called a septal imk (Fig. 338, 8f). In most NautUidoLe the septal necks project 
from the sides of the septa which look towards the apex of the shell, while in 
the AmmmUidae they are, as a rule, on the other sides of the septa. The 
siphuncle varies in position ; it may perforate the centre of the septa, in which 
case it is central or sub-central (Nautilidou)^ or it may be marginal, on the 
outer side of the septa (Ammonitidae), The mture is the name given to the 
line of union of the edge of the septum with the shell-wall. In the NautUideu 
the sutures are uniformly carved or straight ; in Ainniojiitidae they are exceed- 
ingly complex, being folded into a number of lobes with the concavity towards 
the aperture ; the parts of the suture between the lobes are called the saddles, 

* R. Owen, “ Me^mir on the Pearly NaiUihts,'* London, 1832. J. Van der 
Hoeven, **Bydraagen tot de ontlerakundige Kennis aangaande Nautilus 
pompilius,” yerho^el, k. Akad, Amsterdam, diel 3, 1856. T. H. Huxley, 
“On some points in the Anatomy of Nautilus pompilins,” Jowm, Proc. 
Linn, Soc,, London, 3, 1869. Keferstein, “Beitr. z. Anat. d. Nautilus pomp.,’’ 
NachHchtsbl, k, Ges. wiss, Qbttingen, 1865. Lankester and Bourne, “On the 
existence of S 2 >eiigers olfactory organ and of paired genital ducts in the Pearly 
Nautilus,” Q, J, M, S,, vol. 23, 1883. J. Graham Kerr, “On some points in the 
Anatomy of Naiiiihis pomiiilius,” Proc, Zovl, Soc, London, 1895, A, Willey 
Q. J. M, 8., 39, 40. 
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«iid are convex towards tho aperture. The loljes and saddles may be themselves 
secondarily folded or denticulated {Ammonite8\ or the lobes alone, the saddles 
being round (Ceraiites), 

The Apiyehtts of the Aminonilid<ic is a calcareous or horny plate, which was 
probably secreted by the hoo<l and served as an operculum ; it may be a single 
plate, or divided by a suture into two {Synaptychua). 

Fam. 1. Vautilidae. Shell straight, or coiled ; a})orture simple. Septa 
concave towards aperture ; suture simple ; siphon usually central, or internal. 
From Cambrian to present day ; attained their highest development in Devonian 
and Silurian. Otihoeeras and NatUilus alone jieraist l>eyond the Palaeozoic epocli. 
NatUUus L., sole liring genus, N, pompiliiis L. ; Orthoceras Breynius, shell 
straight, lower Silurian to Lias. 

Fam. 2. Anuacnitidae. Shell of various forms, straight to spiral or turretted. 
Septa much folded, suture complex ; siphon external. Extinct ; Silurian to 
Eocene. OmiatiUs De Haan ; Ceratites De Haan ; Amvionites Brugui^re. 

Order 2. Dibranchiata.**^ 

Cephalopoda vfith two gills in the ynantle-cavity. 

The appendages are four pairs of amis with suckers on tlieir oral 
faces; in the Decapoda there are, in addition, two long, prehensile, 
tentacle-like arms with suckera at their extremities only, placed 
between the third and fourth anns. 

The cephalic cartilage constitutes a complete investment for the 
central nerve-organs. The eyes are elaborate, and have refractive 
media. The lobes of the funnel are fused. An ink-sac is generally 
present. The ctenidia are two in niiniher, as are the bmnehial 
vessels, auricles, and kidneys. There are no osphradia. The kidneys 
open intemdlly into the pericardium, and the latter has no external 
opening. The shell is in many forms completely alisent; in the 
rest it is internal, or partly internal, and never protective to the 
viscera> sac. 

Sub-order 1. DECAPODA. 

Ill addition to the eight anns there are two long tentacles between the third 
and fourth paii-s of arms (ventral). The suckers are stalked and provided with 
a homy rim. The eyes are without a sphincter-like lid. The mantle bears two 
lateral fins, and there is a well -developed apparatus for closing tho mantle- 
opening. An internal shell is present. The heart is contained in the coelom. 
Nidamental glands are generally present. 

Fam. 1. Ommatcstrepliidae. Tentacular arms short and broad ; suckers 
with toothed ring. (hnfMUostrephes Gray, sagittated calamary, is able to 

* Hancock, “On certain points in tho Anatomy and Physiology of the 
Dibranchiate Oephalopoda,” Nat. Hist. HevUw, 1861. R. Owen, “Supple- 
mentary Observations on the Anatomy of Spirilla Australis,” Ann. Mag. Nat. 
Hid, (3), 8, 1879. T. H. Huxley and P. Pelseneer, “Re|)ort on Spirula^*' 
(MaUetiger Jieporls, Pt. 83 (bound in at the end of the second volume of the 

“Summary of Results”). 
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project itself for long distances from the water and is not nnfireqnently found 
on the decks of ships ; CtenepUryx Appell6f ^ ChaunoUxUhiM Appellof ; Areki* 
tifuihu Steenstrup, includes the largest Cephalopoda known. 

The Ihjsanotenthidae are allied here. 

Fam. 2. Onyehoteuthidae, Tentacalar arms long; suckers with hooka. 
OnychotmtkU Lichtenstein, the uncinated calamary, with hooks on the tentacular 
arms, and a small group of suckers at the base of each club, enabling them to 
act like forceps. EnoploUuthie d'Orb., armed calamary, with hooks on all the 
arms (as well as suckers). Verania Krohn, tentacalar arms atrophied in the 
adult 

The Oonatidae (Oonatus Gray) are allied hero. 

Fam. 3. Chirotenthidae. Tentacular arms very long, pen expanded at each 
end. Chiroteuthis d*Orh,; HislioUtUh U d*Orh,; ffialiopsis Hoyle ; CallUetUhia 
Verr.; Doratopeis Rochebrune. 

Fam. 4. Cranehiidae. Arms very short; fins terminal, small; eyes pro- 
jecting. Loligopsis Lam. ; UietioteiUhis d’Orb. ; Cranchia Leach ; LeaMa Les. ; 
TaonUis Steenstrup. 

The above-named four families constitute the Oegopsida, which are character- 
ized by their pelagic habit, by the possession of a perforated cornea, and by the 
presence of two oviducts. 

Fam. 5. Spimlidae. Female with a single oviduct (right) and two nida- 
mental glands. Shell spiral, coils not touching, multilocular, with internal 
siphon, partly internal, enclosed in two lobes of the mantle ; it is coiled 
ventrally (Fig. 339), i,e, in the opposite way to that of NautilxLa, Without 
rostrum and proostracum. Spirula Lam.; 8, Peronii Lam., Pacific Ocean, 
probably abyssal. 

Fam. 6. Belemnitidae. Arras with hooks, shell multilocular, straight, 
probably internal, with rostrum and proostracum. Extinct. Lias to Cretaceous. 
Belcmnilcs Breyn. 

Fam. 7. Sepiolidae. Body short, rounded dorsally ; fins rounded, inserted 
somewhat on anterior surface of visceral sac, midway. Sepiola Leach ; Roeeia 
Owen ; SioloteuUiis Verrill ; InioUxUhis Verrlll. 

The Idiosepiidae {Idioscpias Steenstrup smallest cephalo}>od known) and 
Sepiadariidae are allied hero. 

Fam. 8. Loliginidae. Body elongated, conical ; fins terminal, rhombic ; 
pen lanceolate. Loligo Lam. , calamary ; the pens increase in number with age ; 
several are found in old specimens (Owen, in Todd’s Cyclopaedia of Anatomy and 
Physiology ^ vol. i. p. 546). Sepiotcuthis Blainvillo ; Lolioltta Steenstrup. 

Fam 9. Sepiidae. Body flattened, broad ; fins narrow, elongated, shell 
internal calcareous. Sepia L., cuttle-fish. 

The families Sepiolidae^ Loliginidae^ Sepiidae constitute the group Myopoida 
characterized by their unperforated cornea and single oviduct (left). 

Sub-order 2. (KTrOPOBA. 

With eight arms, without tentacular arms. The suckers are sessile. Eyes 
relatively small, with sphiiicter-like lid. Shell absent. The heart does not 
project into coelom. Oviduct paired. Nidamontal glands absent Funnel 
without valve. Mantle without sucker-like apparatus for dosing mantle- 
opening* 
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Fam. 1. Cirriioteuihidae. Arms united by a membrane and carrying on each 
side of the suckers filamentous appendages ; radula absent ; deep water. Cirrho- 
teiUhis Eschricht 

Fam. 2. Amphitretidae. Mantle fused with funnel in median line, leaving 
two openings into mantle-cavity. Amphiirchis Hoyle. 

Fam. 8 . Oetopodidae. Arms alike, more or loss \vebl)cd ; often without fins. 
Odcptis Cuv, poulpe; ScaetirgtLs Trosch.; Eledonc Leach; IHnnociopus d’Orb., 
with fins ; Alloposus Verrill. 

Fam. 4. Argonautidae. Female with a unilocular spiral shell (Fig. 336) ; 
males very small ; hectocotylized arm autotomous (Fig. 355). Argonattia L., 
the paper-nautilus. 

Fam. 6. Philonexidae. Hectocotylized arm autotomous; other arms all 
alike in the two sexes; large aquiferous pores near the head and funnel. 
PhUfnuotis d'Orb.; Trenioeiopus Delle Chiaje. 
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ANNELIDA. 

Segmented worms in which the perivisceral cavity is a part of the 
coelom. They almost all possess chitinous setae embedded in and 
secreted by pits of the sldn. 

The Annelida include the segmented worms. They differ from 
the Arthropoda, wliich in many lespects they resemble, by the 
possession of a perivisceral division of the coelom. In other words 
the lx)dy-cavity is a part of the coelom. In this respect and in the 
arrangement of the central nervous system, and in the wide-spread 
occurrence of the trochosphere larva, they approach the MoUusca. 
They differ, however, from the MoUusca in the fact that the body is 
segmented. This segmentation, which is exhibited by a considerable 
number of organs, proceeds from and is based upon the mesoblastic 
somites in the embryo. The Annelida possess a dermo-muscular 
body-wall; that is to say, muscular tissue enters largely into the 
composition of the integument. In consequence of this fact the 
body-wall is always extremely contractile, and the body shrinks 
considerably when the animals are placed in spirit. 

They all po.'ssess chitinous spines — the setae, which are secreted 
by the ectoderm and are embedded in pits of the skin. These 
setae are very conspicuous in the class Chaetopoda, less so in the 
cla.sses Ilirudinea, Echiuroidea, and Archiannelida, 

The alimentivry canal is tubular, and generally straight ; it opens 
by a mouth which is placed on the ventral surface of the front end, 
and by an anus which is terminal, or subterminal and dorsal. 

The head consists of the anterior part of the body, on the ventral 
side of which the mouth is placed. It is divided, very often hy a 
mark, into a preoral portion— the prestomium— and a postoral portion, 
which is called the peristomiom. The prestomium is sometimes 
called the first segment, but in the enumeration of segments the 
peribtomium is counted as tlie lir.it {i’ig. 358). 
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Whether the prestomium should bo regarded as a segment or not is a tlisputed 
question, and one which can only be settled by a study of development. Un- 
fortunately Embryology speaks with an uncertain voice on this iwint in the 
jinnelida ; but from our knowledge of the Arlhropoda 
we are inclined to the view that the prcoral part of tho 
body does contain at least one ]K&ir of mcsoblastic somites 
(or their equivalent) — the only real test of a segment— 
which ai*e serially homologous with the other somites. 
This is clearly shown in the embryo of J^eripalua, in 
which the somites of the preoral region possess the rudi- 
ments of a nephridium, and send extensions into the 
A preoral appendages called antennae ; just as the posterior 
somites are prolonged into the legs. 

The prestomium is sometimes quite small and 
inconspicuous; it may however bo large and 
much elongated into a proboscis-like organ, as in 
Nats lacustris and the Echiuroidea. In some 
cases it bears special sensory appendages called 
tentacles and palps. It sometimes happens in 
the Polychaeta that a certain number of body 
segments are fused with the peristomium, forming 
a secondary composite head. 

The central nanrous system consists of two 
nervous tracts, mainly ventral and called the 
nerve cords. These are generally closely approxi- 
mated in the middle ventral line over the greater 
of Polwoniiui fua. part of theiT course, but sometimes they are 
tTinuM separated (some Polychaeta sedentana)^ 

pareney. The die- and in the Echiuroidea the ventral parts of thejn 

tinetion between the fused to form a single ventral cord. But in 
prettominm and ^ 

perUtoiniaTn,andbe- all forms, even in those in which there is com- 
mlam 1^ Union between them behind, they separate 

MgmMit u clearly from One another in front, and embracing the 
anterior part of the alimentary canal become con- 
tinuous with one another on the dorsal side at 
the front end of the body. The ventral portions of these cords are 
almost always swollen at segmental intervals into the so-called 
ganglia, from which the nerves generally proceed, and there is 
universally a single or bilobed swelling at the point -where they 
are continuous with one another dorsal to the alimentary canal This 
dorsal swelling (or swellings) is called the cerebral ganglion (or ganglia), 
or brain : the nerves which pass out from it (or rather which enter 
it) are the sensory nerves of the anterior end of the body, and of 
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the important sense organs there located. The first swelling on the 
ventral cord is called the sub-oesophageal ganglion, and the sub- 
sequent swellings the v(»ntral ganglia. The giinglionated condition 
is not due to the exclusive presence of nerve cells at certain jx)int8, 
for, as in the Vertehmta^ nerve cells arc found along the whole length 
of the central organ; but is rather due to the fact that there are 
more nerve cells and more nerve fibi'cs in the ganglia than elsewhere, 
in conscqu(3nce of the fact that the nerve fibres do not as a rule 
pass out all along the cords, but are gathered up into bundles, and 
leave the ventral cords at any rate at segmental intervals. The 
central nervous system is generally separated from the ectoderm 
and placed within the muscular layer, but in the Archianmlida 
and in one or two Cluvetojmia it lies in and forms part of the 
ectoderm. 

A vascular system is nearly always, probably always, present. It 
has a canalicular character, and the principal vessels are the dorsal 
and subintestinal longitudinal vessels. 

The perivisceral cavity is a portion of the coelom. It is derived 
from the paired cavities of the mesoblastic somites of the embryo, 
wliich swell up and surround the intestine. Primitively therefore 
the body-cavity is divided into a series of paired cavities, the walls 
of which are in contact with the walls of the somites anterior and 
posterior to them in the series, and with the walls of their fellows of 
the opposite side dorsal and ventral to the alimentary canal. Two 
kinds of septa are thus formed, the one sepaiating the cavities of 
somites adjacent to each other in the series : these are the transverse 
septa found running between the body-wall and the gut- wall in many 
Chaetopoda ; and the other separating the cavities of the two somites 
of a pair on the dorsal and ventral side of the alimentary canal: 
these are the dorsal and ventral longitudinal mesenteries, which also 
run between the body-wall and the gut-wall, but in a longitudinal 
direction. These two kinds of coelomic septa are found coexisting 
in the Archiannelida, and possibly in one or two Chaetopods, but as 
a general rule the doi’sal and ventral mesenteries break down in the 
adult, so that the two sides of the body-cavity become continuous 
with each other on the dorsal and ventral sides of the alimentary 
canal; while the transverse septa, though more often found in the 
adult (Oligochaeta and some Polychaeta\ also generally break down 
either partially or completely, so that the periviscend cavity becomes 
a continuous space from end to end of the animal {Echiuroidea^ some 
Pohjehaeta). In the Himdinea the coelom generally {AtxinthobJtUa 



460 


ANKELIBA. 


excepted) becomes more or less broken ap into a system of com* 
municating spaces. 

The renal oigans, called nephridia, are portions of the coelom, 
though this is not so obviously the case as in certain other groups 
(€.p., Vertelraia^ Peripatm^ McUttsccC), Still they almost always 
retain a communication with the rest of the coelom in the ne* 
phrostome or ciliated coelomic funnel {Chaetogaster and one or 
two other forms excepted). They almost always have a tubular 
form, and open externally on the ventro-lateral surface of the 
body. As might be surmised from the condition of the coelom 
in the embryo, they share in the segmentation of the body; and, 
moreover, with regard to them it should be noted that they very 
rarely (EchiuroidMy Stemcupis^ Chhrhaemidae) lose their relation to 
the segmentation of the body. As a general rule there is a single 
pair of nephridia in each segment, but this rule is sometimes departed 
from in the Chaetopodaj where there may be more than one pair in a 
segment {Perichaetidaey AcanthodrUidcie^ Capitellidae.) 

In a few cases some of the anterior and posterior nephridia 
shift their external openings from the outer surface of the body 
into the anterior and posterior end of the alimentary canal. This 
is seen in some Oligocheuda (so-called pepto-nephridia), and in the 
case of one posterior pair in the Echiuroidea (anal vesicles). 

The generative organs are always products of the coelomic walls, 
being thickened patches of the coelomic epithelium. Occasionally, 
in the male more often than in the female, the generative section 
of the coelom is cut off from the rest by special membranes. This 
is seen in the sperm-reservoirs of some Oligochaeta. 

The generative ducts open into the coelom, and have, of course, 
a tubular character with ciliated internal openings. Sometimes 
they are distinct from the nephridia {Oligoch(ieta)y but, as a rule, 
some or all of the nephridia are used for the exit of the generative 
products, thus combining a renal and generative function. This 
association of the generative and excretory functions in the carrying 
apparatus is, of course, to be connected with the fact that these two 
functions are discharged by the same organ, viz., the coelom-; it is 
a feature characteristic on the whole of all coelomate animals ((/. 
Vertebrata). 

The Atmdida are for the most part aquatic animals, but terrestrial 
fonns are known (earth worms). 

Their eggs sometimes laid, several together, in a cocoon 
{Hirudinea and Oligochaeta)^ but, as a general rule they arO 
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deposited in the water, with but little more protection than is 
afforded by the vitelline membrane. 

In the former case the development is direct and there is no 

larval stage, the development taking place at the expense of 

albuminous matter, which is included in the cocoon. But in the 
latter case the young undergo only a small part of their develop- 
ment in the egg-membranes, and are hatched out as larvae at 

an early stage, to undergo the rest of their development in 

the free-swimming state. The larval form, most commonly^, one 
may almost say invariably, found, is that called the trochosphere^ 
This larval form, which we have already met with in Mollvsca^ 
is fuUy described further on. The larva of PolygordiuSy which 
is known as tlie larva of Lov<5n, is a typical trochosphere (Fig. 360), 
and the larvae of many Chaetopoda^ and of Echiuroidea (Fig. 431), 
are typical trochospheres. 

The Annelida are classified as follows : — 

Class 1. ARCHI ANNELIDA. 

„ 2. CHAETOPODA, 

Order 1. Polychaeta. 

,, 2. Oligochaeta. 

Class 3. HIRUDINEA. 

„ 4. ECHIUROIDEA (GEPHYREA ARMATA). 

For reasons fully stated in the sequel, wo have thought it 
necessary to break up the old group Gepliyrea^ and to exclude 
some of its divisions {Sipunculoideay Pviajmloideay Phoronis) from 
the Annelida, The Echiuroidea^^ however, we retain as being 
obviously true Annelids. 

Glass I. ABOHIANNELIDA.* 

Marine Chaetopoda toithout setae or parapodia. 

There are two genera in this order, Polygordius Schn. and Proto* 
drilus Tfat schek, the former found in sand of Europe ^, sees, and 
the latter in the sand of an inland sea-lake at Faro near Messina. 
They are elongated aiidj^m are entirely without se tae 

or parapodia. The hpad has, two tentacles and two ciliat^ pits (Fig. 
358). T?he segmentation is but fa intly ma rked externally, by slight 

* Fraipont, “ Le Genre Polygordius/* Fauna and Flora d, Oolfss v, Neapei^ 
xiv., 1887. Hatscliek, “ Protodrilus,” AH>. Zool. Inst, Wien^ 8, 1881. Weldon, 

Dinophilus Gigas,” Q, J, M, 8,^ 1886, 27. Hariner, “ Dinophilus,” Joum, 
Afar. Biol, Ass., New Series, 1, 1889. For a deaeription of redygordins see 
T. J. Parker, Ltwm in Eltnunxiary Biology, Ijoudon, 1891. 
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grooves in Polyrfordius, and by cilia ted rings in ProfodriJuf. Tlrere 
is a median ciliated groove extending along the ventral surface of 
Protodrilue. The segmentation is homonomous and is marked by 
the coelomic septa (Fig. 361, d). There are no circular muscles in 
the body-wall. 

The cerebral ganglion is in the preoral lobe, and the ventral 
cords lie in the epidermis (Fig. 359), and are without ganglionic 
swellings j in Protodrilus they are separated, one being placed on each 



Fia. 850 , — PolygordiHS neapolitnnvs. h, dorsal view of head and anterior part of body, 
showing the ciliHte<l pits, v, hind end showing tin* last three segments, and the anal 
segment with a circle of papillae, and the anus (after Fi'ai|)ont). 


side of the ventral groove; while in Puhj(jordius* they arc fused. 
There is in Polygordiua a very short evcrsible buccal region followed 
by an oesophagus, which does not extend beyond the head (peri- 
stomial part). In Protodrilue there is a U-shaped muscular tube 
placed ventral to, and opening into the oesophagtis. 

There is a dorsal and ventral mesentery, and oblique longitudinal 
septa passing across the body-cavity on each side from the region 

* III Polygerdiut there is a fine canal in the ventral cord, which is said to be 
a remnant of the ventral ciliated groove of the larva. 
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of tlio ncivc cord to the latcml l)ody-walls (Fi^L 359), and in 
ProMri/m the body cavity is travei*sed by a spaise reticulum. 

There is a pair of «ini[»le nephridia 
in eacli segment, oi)eiiing internally 
into the preccduig segment; the first 
pair oixjns into the Inxly-cavity of the 
hinder part of the head in Protoilnlm. 

The vascular system consists of a 
dorsal vessel in the doi*sal mesentery, and 
a ventral in the ventral mesentery, and 
of connecting vessels. The blooil is 
red, yellow, or green, or colourless. 

The generative organs are dcveloi>od 
from the coelomic epithelium, and are 
discliarged into the lx>dy-cavity. In 
PohjijordiuH* the ova probably escai>c 
by rupture of the IkHly-wall, and the 
spermatozoa by the nephridia. Proio- 
dnlm is hermaphrodite. 

The larva of Polyaoi^dius is known us Loveii’s larva. It is a 
tyjiical trochosphere (Fig. 361, a), and possesses a pi'coral ciliated 
ring {Prw)^ a weaker ])ostf»ral ring (Po/'), a thickening of ectoderm on 
the preoml lobe — the apical plate, a ventral mouth, and a terminal 
anus. There is a pair of mesoblastic bands at the hind end (3/s), 
terminating in front in the larval kidnoy. This posterior part of the 
Ixxly elongates, its mesoderm l>ccomes segmented into somites ; and 
it giv(»s rise to the body of the worm (Fig. 361, 6, c), Liiter the 
anterior end diminishes relatively in size, and becomes the head of 
the adult (Fig. 361, d). 

Saccoch'Tus Bobr.,t should probably be placed here. It is found in the Black 
Sea and Mediterranean in shallow water on gravel, ha.s a long (20 to 80 mm.) 
and narrow body with a groove on its ventral surface. The segments are 
numerous, and each of them, except the first, carries two dorso lateral bundles 
of simple setae. The preoral lobe.has two long tentacles and two eyes ; l>etween 
the preoral and }) 08 toral part (buccal segment) of the head are two ciliated pits. 
There are no {larapodia, but the lower jNirts of the bundles of setae are enveloped 
in a cutaneous sheath, which can be protruded or retracted into the body. The 
setae are enlarged and grooved at their free ends. There are two characteris- 
tically marked appendages at the hind end, on each side of the anus, by which 

^ In ProtoArilus it is said that the eggs pass backwards through the meshes 
of the bodk-cavity reticulum to a pore on the ventral side of the last segment 
(Repiachofi). 

t Marion and liobretzky, Amu Sd. Nat, (6), 2, 1875, p. 69. 
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Fio. 800.— Transverse secUofi through 
the bo<ly <if Prt^toilrilus (after Hat- 
8cli'*k). >■ the two ventral nerve 

cini!s; o' layer of the 

; J) .aliiiieiitary canal ; N ne- 
plin<liuin ; M oblique muscular 
sheds (Iransvirse muscles); Ov 
ova. The tloi s.'il ami ventral mesen- 
teries are shown. 
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the animel fixes itself to the stones on wiiich it creeps. The oironlar mnscles 
of the body-wall are less devclo[>od than the longitudinal. There are also 
obliquely -placed muscular sheets passing from the ventral body -wall to the 
lateral, and dividing the body-cavity into two lateral and one median chamber. 
The insertion of these oblique muscles is associated with the division of the 
longitudinal muscle into four bands— one dorsal, two lateral, and one ventral. 



J 

Fra. 8Cl.>~DeveMpment of PcJygoidiuM (after Hatschek). o, young trochosrliere larva; Sp 
apical plate with pigment spots; Prto preotal. Pow postoral ring of cilia ; 0 mootJi ; A aiiiui; 
Mi mesoderm ; Kn larval kidney (pronephios or head-kidney), h, older larva wiUi coimiieue- 
ing segmentation of the lody. e, older stage ; the body la elongated and vermiform, and 
segmented ; EWk posterior circle of cilia; A/ eye spot; / tentscle. 


The ventral nerve cords are widely separate, and are placed, as is also the 
cerebral ganglion, in contact with the ect(^ei m immediately beneath the ventral 
ineertions of these oblique septa. They are without ganglionic swellings. 
Thm are two contractile yesioles at the base of the tentacles, which drive 
a oolourleas fluid into the hollow tentacles and so distend them. 

The oesophagus extends for thirteen or fourteen seiouents. and is followed 
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by tbe intestine, which is dilated segmentally. Coelomio septa and dorsal and 
ventral mesenteries are present Of the vascular system a dorsal vessel in the 
dorsal mesentery has been detected. 


The sexes are separate, and the gonads are found in 
all segments behind the fourteenth. The germ -cells 
are developed from paired patches of the coelomic 
epithelium on the posterior faces of the septa^ and aro 
dehisced into the body-cavity, where they ripen. They 
escape by the nephridia of the part of the body in 
which they aro contained. 

The nephridia are simple tubes opening externally 
close to the bundles of setae, and intemaUy into the ' | 
preceding segment. In the male the nephridia of the i 
testicular segments are swollen near their openings, 
and their terminal parts pass into small papillae which ; 
project on the surface as small penes. These penes can ; 
be retracted into penial sheaths. In the female there 
are, in the ovarian segments, receptacula seminis ; they 
are yellowish vesicles lying in the central chamber of 
the body-cavity, and passing into a duct which traverses 
the oblique muscles and the lateral chamber to open 
on the ventral surface. 

HUtriodrilus* {Histriohdella van Ben.) formerly 
classified with the leeches, is said to belong to the 
^ig^^Kliiannclida, It is a small worm (1*4 mm.) parasitic 
on the lol>8ter, the eggs of Which it devours. It has a 
distinct cephalic region, and an externally segmented 
body without setae. There is a pair of limbs on the 
head, and another on the last segment. There are 
cerebral ganglia and two ventral nerve cords which 
are continuous with the epidennis and united in each 
segment to form a ganglion ; there are about eight 
segments. There is a muscular sub-oesophageal sac 
armed with three chitinous teeth, and the alimentary 
canal is ciliated. There are four or five pairs of 
nephridia, the internal openings of which have not 
been satisfactorily made out. The sexes are separate, 
and the generative organs complicated. The ovaries 
and testes are coelomic. A vascular system has not 
been observed. The body-cavity is present, and there 



are dorsal and ventral mesenteries. There are four fio. wi.— <f. The young 
longitudinal bands of muscular fibres in the body- wall. /V>Iy^or(litu;GcereUral 
Aeoloswna^ Ehrb., often included amongst the Oligo- ganglion; Wg ciliated 
chMta as the solo member of the sub-order Aphaneuraf pit; Dalimeutary canal. 


mast be placed with the forms of uncertain position. 

It is a small (I-IO mm.), fresh-water transparent worm with a loose and 


uncertain outline. The prestomium is ciliated ventrally, and bears a pair of 
ciliated pits. The segmentation is ill-marked. There aro four bundles of hair- 
like setae on each segment behind the peristomium. The ectoderm oontains 


* Foettinger, Arch* BioL, 5, 1884, p. 485. 
f Beddard, Mmograph of OHgoehaUa, Oxford, 1895. 
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roloiirrd gland cclls. The circular and longitudinal muscular layers aiD both 
thin. S< gmcntal coelomic septa are not present, except the septum between 
the fienstoinium and the next segment. Dorsal pores and head pores are not 
present. One pair of ne])hridia is present in each of the setigorous segments. 
The alimentary canal consists of pharynx, oesophagus, and intestine ; and tlie 
anus is at the hind end of the body. The central nervous system consists of 
the cerebral ganglion, which is continuous w ith the ectoderm of the prostomiiim. 
It is .said that tliore is no ventral nerve cord. Generative organs are only 
occasionally developed, reproduction generally taking place by fission. The 
testis is median and unpaired, and lies in the fifth segment (the peristomium 
being the first) ; the ovary is similarly placed in the sixth segment. Tlierc 
are no generative ducts. The sperm escapes by nephridia, the ova by a 
pore on the ventral side of the sixth segment. Spermathecae are small oval 
sacs in segments 3-6. At sexual maturity there is a feeble clitellum on the 
ventral surface of segments 5-7. The ovijx>sitiou is unknown. One species 
has the habit of encysting in a chitinous capsule. There arc several Engli.sh 
species. 

Aeolosoitta differs from Oligochaets in the following characters, some of which 
ix>int to Archiannelidan aflBiiities ; the continuity of the cerebral ganglion with 

the ectoderm, the absence of a ventral nerve 
cold, the absence of generative ducts, the 
cephalic ciliated pits, the absence of transverse 
coclomic septa ; it resembles them in being 
hermapbrodito and in having 8i>ermathteae 
(which, however, are found in Saccocm ifs). 

It is possible that tlie marine genus Ctenodrifus 
(Scharff. Q. J. M, S.y 27) should be placed with 
yicolos'tnia. It has one row of comb like setae 
on each segnicnt, the prestomium is ciliated on 
its ventral surface, and bears two ciliated pits. 
There is only a single pair of nephridia in tlie 
peristomium, and only a single layer of muscles 
—longitudinal — in the l)ody-wall. The neivous 
system, which consists of a cerebral ganglion and 
ventral cord, lies in the ectoderm. The sexual 
worm is unknown. 

Dinfiphilus is a small marine worm found in 
the Channel in the spring on sca-weeds. There 
is a head consisting of prcoral and postoral 
portions, and a body consisting of five or six 
segments, each marked externally by one or 
two ciliated rings. The ventral surface is 
ciliated. The anus is posterior, and projecting 
on the ventral side of it is a kind of taibappend- 
age. The preoral lol)c either possesses two ciliated 
rings, or is nnifornily ciliated : it also bears a pair 
of eyes and some grou|w of stiff sensory liains, 
and a pair of ciliated pits. 

The alimentary canal is straight and ciliated ; there is a ventral muscular 
organ opening into the oesopliagus like that of Protodrilus, 

TIk* nervous system consi.sts of a ganglion in the pn oral lobe, and a pair of 



Ffo 362,^Di7wphilu$ ffigoi (After 
Weldon), an snus ; cp cephalic 
pits ; et transverse ciliated 
bands ; if mouth ; St stomach ; 
8h cephalic sense hsirs; sh' 
post -cephalic lings of sense 
hairs placed close behind the 
ciliary rings. 
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separated lateral nerve cords placed close to, tliongli not in, the ectoderm. The 
ventral cords are sometimes ganglionated segmental ly. 

The l)ody-cavity is occujned (or traversed) by a network of connective tissue, 
in which the genital cells appear to arise. The spaces of this network are 
specially enlarged round the internal ends of the nephridia. There are no 
septa, no dorsal and ventral mesentery, and no vascular system. 

The nephridia are in five pairs, of which the posterior in the male communicate 
by a ciliated funnel with the cavity of the testis. With the exception of this 
fifth pair, the nephridia ojien on the sides of the ventral surface: they are 
simple tubes wliich internally possess a large flame- shaped cilinm, or a row of 
small cilia which give tlie ap^iearancc of a flame ; it is uncertain whether they 
open internally or not ; indeed it is uncertain whether we ought to speak of a 
body-cavity at all in tlicse animals. The part of the nephridia next the external 
opening is ciliated, and no nuclei are distinguishable in connection with their 
W’alls. 

The animals are dioecious. The nephridia of the fifth pair are connected with 
the testis internally and join together to open at the hind end of the body into 
a vestibule, which opens externally in the middle ventral linej they are dilated 
near the opening, and constitute a pair of vesiculae seminalcs. There is a median 
penis 2U’ojecting into the vestibule. S|>ennatozoa are introduced into the female 
by means of the penis which jicrforates the skin at any point of the surface, and 
so introduces spermatozoa into the body-cavity. The ovaries like the testes 
appear to arise from coi-ds of the parenchyma, and the eggs when ripe probably 
pass into a special median ventral passage in this parenchyma, which opens to 
the exterior by a median pore at the base of the caudal appendage. 

Tbore appears to be a thin layer of circular muscles, and a pair of longitudinal 
muscular bauds just external to the lateral nerve cords. 

S(tccocimis in many i)oiuts of its anatomy closely resembles Polygordius and 
Protodriltcsy near which it may be provisionally placed. The principal^ point of 
dilference is the presence of setae — while the resemblances are numerous: the 
ciliated pits, the uniformly segmented body, the oblique septa, the dorsal and 
ventral muscles, the position of the ventral cords in the ectoderm. It clearly 
resembles the two Arcliiannelidan genera far more closely than does Dinophilus 
(see below), which is without coeloniic septa, oblique septa, or vascular system, 
and has a body-cavity extensively occupied by a reticulum, and nephridia of 
doubtful relations. Moreover, the stnicture of the male and female generative 
organs of Diiu^hilus is quite different fi*om that of Archiannelids, with the 
doubtful exception of the female Protodriltis, which needs reinvestigation on 
this point. 

It must bo remembered that the sub-oesophageal muscular organ, upon which 
BO much stress has been laid as indicating affinity between Dinophilu$ and 
Archiannelida, though present in Protodrilus, is altogether absent from 
Polygordiua. 

The union of Hislriodrihis with the Archiannelids is more ihlly justified^ 
but before finally deciding the matter wo require more knowledge of the 
generative organs and nephridia, and a re-examination of the vascular system. 

In the present state of our knowledge the Archianndida must 
be regarded as having very muck the same relation to the Chaeto- 
j)0fla as Chiton has to the other Oastrojxxla ; while, carrying on the 
same comparison, Dinouhibia and HUtvioihilvs ^occupy, relatively to 
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the main group, a similar position to that assigned above to Neomenia 
and Chaetoderma in tlie Molluscan phylum. They are isolated forms 
with Annelidan affinities. As to Saecocirms it seems clear that it 
connects Archiannelids with such Polychaets as the Opheliidae^ in 
which, though coelomic septa are absent, the oblique septa, predomin- 
ance of the longitudinal muscles and in Polyophthalrrms at least, if 
not in other genera, the cephalic ciliated pits, and contiguity of the 
ventral nerve cords to the ectoderm are noticeable characters. 


Glass 2. OHAETOPODA. 

Annelids with eonspicuotis setae. The perivisceral cavity is in 
many cases divided by septa. 

The ChcLetopoda include Polychaeta^ in which the setae are 
generally borne on parapodial processes of the body, which may be 
fairly compared to the appendages of Arthropods, and the Oligochaeta^ 
in which there are no parapodia, the setae simply projecting from 
the body-wall. 


Order 1. Polychaeta.* 

Marine Chaetopoda with numerous setae embedded in 2 ^<vrapodia; 
usually with distinct hea/l^ tentacles^ cirri and branchiae. They are 
for the most part dioecious^ and develop with a metamorjihosis. 

The Polychaeta are, with a few exceptions, marine Chaetopcxls, 
in which the setae are numerous and borne upon special processes of 
the body-wall called parapodia. The head, which is called the 
prestomium^ very generally bears tentacular appendages, wliile the 
next segment, called the peristomium^ is usually modified and may 
be fused with one or two of the following segments. The alimentary 
canal generally possesses an eversible buccal region, and a muscular 
protrusible (not eversible) pharynx. The coelomic septa may persist, 

• Audouin et Milne -Edwards, Ann. Sci. Nat., t. 27-30, 1832-38. Delle 
Chiige, DeserizUme e notomia degli animali sensa vertebre d, Sicilia citeriore^'* 
Napoli, 1841. Quatrefages, “ Histoire Nat. d, Annel^s,'* 1 and 2, 1865. Ed. 
ClaparMe, Anndlidea (JkStopodes dtc Qolf de Naples^'' 1868, and Supplement, 

1870. Ehlers, “Die Borstcnwilrmcrf*' 1868, Johnston, ^^Brit. Mm, Catalogue 
of non-paradtical worme^" 1865. McIntosh, ** British Annelida,” Trans. Zool. 
Soc., ix., 1877. Malmgren, ‘‘Nordiska Hafs-Annulater,” Ofversigt k. Vet. Akad, 
IMhandlingar^ 1865 and 1867. St. Josejdi, “Ann. Polychetc-s des cOtes^'de 
Dinard,” .<49in. Sd. Not. (7), 1, 5, 17, 20, 1886^94, Malacpiin, Becherches sur 
Us SyllidienSf 1893. Bohretzky et Marion, “Et s. les Annt^lidcs dii Golf de 
Marseille, Ann. Sci. Nat. (0), 2, 1875. McIntosh, “Report on the Annelida 
Polychaeta,” Challenger Beports^ 1885, and nnnierous pajH^rs by E. Gnibe. 
W. B. Benham, “Polychaeta,” Camh'kige Natural Historif^ 1896. Meyer, 
•‘Stud. ttb. d. Korperbau der Anncliden,” Naples Mitth., 7 and 8, 18S7-8. 
Pruvot^ Arch. Zool. Exper. (2), 3, 1885. 
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but in a large number of cases partly or entirely break down and 
disappear. As a rule there are no special generative ducts, and the 
generative products, which are dehisced into the coelom, pass out by 
any or some of the nephridia. A vascular system is present, except 
in a few cases, in which its absence, though stated on good authority, 
must be regarded as doubtful until renewed investigations of the 
matter have been made. Some are free, but a lai’ge number inhabit 
tubes which they manufacture or construct for themselves. 

The body is generally elongated, and the internal segmentation 
shown externally. The number of segments is usually considerable, 
and in some cases is variable, increasing with age. The segments 
may be all alike, or the body may be divided into two regions, often 
called thorax and abdomen, which differ from one another in the 
form of the parapodia, of the setae, and in other respects {Sabdlidae^ 
Capitellidae^ etc.). In some forms the hind end of the body is much 
reduced, and may be without setae. 

The head consists of the anterior part of the body, on the 
ventral side of which the mouth is placed. It is almost always 
divided by a mark into a preoral portion — the prestomium, and 
a postoral portion, which is miscalled the peristomium. The pres- 
tomium is often called the first segment, and the peristomium the 
second ; but in this work the peristomium is reckoned as the first. 

The prestomium may be a well-marked structure, or it may be 
much reduced, and hardly distinguishable from the peristomium 
(Arenicola), In the Cryptoeephala the prestomium is hidden by 
the forward extension of the peristomium. The prestomium may 
be without appendages, but it usually bears two kinds of sensory 
appendages — the tentacles, which are attached dorsally and vary in 
number from two to five, and the palps which are two in number 
and ventrally placed (Fig. 363). It often bears one or two pairs 
of eyes. The peristomium is, in rare cases, provided with parapodia 
and setae, like the other segments {Ajihrodite^ Hermime^ Nephthys ) ; 
usually it is without setae and parapodia, though the cirri are often 
present as long, tentacle-like structures caUed tentacular cirri (Fig. 
363, Fc). When there is more than one pair of tentacular cirri it 
is supposed that one or more of the hinder segments have become 
merged in the peristomium, and have lost their parapodia; in such 
cases the head is a compound or secondary head, one or two body 
segments having fused with the peristomeal. 

The iMurapodia are segmental, hollow, lateral projections of the 
body. They carry the setae and are either biramous or uniramous. 
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When they are biramous the dorsal branch is called the notopodium^ 
and the ventral the neuroimlium. 

The acMtda are especially strong, dark- 
coloui-cd setae, hardly projecting at all, and 
deeply embedded in the parapodia (Fig. 364). 
Typically there is one in the noto- and one 
in the neuropodium; they serve for the 
attachment of the muscles of the setae. 
The setae are 4/5hitinous, and project in 
groups from sacs on the parapodia; each 
seta is formed by a single large cell at 
the bottom of the sac. 

The form of the setae varies extremely, 
and affords a good character for the classifi- 
cation of families and genera. According 
to the strength, form, and mode of ending 
the following forms may be distinguislied : 
simple setae, which may be hair-like or 
flattened (paleae), or lance-shaped, or curved 
at the end (crotchets), etc.; jointed setae 
(composite), which carry a terminal articulated appendix (Fig. 365, y) 
— found in the Nereuliformia ; uncini (a, i), setae with a sharply- 



Fio. 864.— auction through a segmeot of a Polychaet, dligrammatio (from Laug). oc aciculum ; 
h aetae ; 8m ventral nerve cord ; dc dorsal cirrus ; dp notopodium ; k gill ; /m longitudinal 
muscles ; md intestine ; up nephridium ; ov ovary; m circular muse'es ; tm transverse muscle ; 
tr fhnnel of nephridium ; ve ventral cirrus,; vd dorsal^ ventral vessel ; vp neuropodiuin. 
There are ova in the hody*cavity. 



Fio. 868 . — Nereis margaritacea 
(after M. Edwards). Head 
with everted mouth and pro- 
truded Jaws (A). The small 
spines borne by the eversible 
wall of the month-cavity are 
shown. The prestomium 
carries at its fyont end two 
tentacles F, and ventrally 
two palps P. The peristo- 
mium carries four tentacular 
cirri Fc on each side. 
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curved hook {Terehelliformia, Sabdliformia). When the paiupodia 
are completely wanting, the setae project from the body-wall 
{Capitdla). 



Fio. 865.— Setae of different Polijch(uta (after Malmgren and Clapar^de). o, hooked aetao of 
Sdbella crastdeomU; h, of Terebella Danielmni; e, seta with spiral ridge ft-om St^eneiais; 
d, lancc-shaped seta of Phyllochactopterua ; «, of SaJbdla crcusicornis; /, of Sabella pawmis ; 
Qf composite, sickle-shaped seta of Nereis culirifera. 


The appendages of the parapodia present a great variety of form, 
and not unfrequently vary in the different parts of the body. Most 
important are the am, which are attached to the dorsal and ventral 
surfaces of the parapodia. The cirri are for the most part filiform, 
and sometimes pointed ; 
they may also be ringed. 

In some cases the dorsal 
cirri are flattened out as 
broad scale-like structures 
— the elytra (Fig. 366) — 
which constitute a protec- 
tive covering to the back 
{Aphroditidae). In other 
cases the dorsal cirri’*^ are 
modified as branchiae, which 
may be filiform, branched 
and antler - like, comb - 
shaped, or in tufts ; some- 
times they are confined to 
the middle region of the 
body {Arenicola^ Fig. 397), 

* It sometimcB hapiieua that ckri are found on branchiferous segments, in 
which case the gills must be regarded as additional to cirri 



Flo. 860.— Anterior end of Pelynoe extennata, the first 
elytron on the left hand being removed (after 
Clapar4de). The two setae of the oral segment are 
visible. El elytron. 
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or are extended almost across the whole dorsal surface {Euphrosyn ^ ; 
sometimes they are confined to the anterior segments immediately 
following the oral segment {Terehella)* Both cirri, or one of them, 
may be altogether absent. 

The last or anal segment is always modified : the parapodia and 
setae are absent, but one or two pairs of cirri — the anal cirri — are 
present. The anus is usually terminal ; in Notopygos it is dorsal, 
and in Caobangia it is anterior and ventral. 

The alimentary canal is usually straight (coiled in Pedinana, 
StemcupiSy Siphonostoma^ etc.); it is divided into buccal cavity, 
pharynx, oesophagus, and intestine. The buccal cavity has muscular 
walls, and is often eversible, while the pharynx which also lias 
muscular walls is often protnisible (Figs. 363 and 367). The buccal 
cavity has a chitinous lining, which may be thickened at certain 



Fio. 867.~DiagrEmmatic representation of the pharyngeal apparatus of a predatory Chnctopod. 
g brain; k jair; »a mouth ; pA pharynx; jtt protractor muscles ; r<, ci retractors ; vt wall of 
buccal cavity (overeible) with papillae or deuticles p. In A the api)aratu8 is retracted, in B 
protruded. (After Lang.) 

spots into denticles, and the pharynx is often armed with powerful 
and movable chitinous jaws or plates. These structures, however, 
are not always present {e,g. Terebellids and Sabellids) ; they are well 
developed in the Nereidifarmia. The oesophagus is often provided 
with a pair of diverticula, which in some Syllidae and Hesionidae 
contain air. The intestine reaches to the anus, and is constricted 
segmentally. In the ApTirodiHUae the sacculations are elongated 
into caeca (Fig. 368). In Syllids and some Terebellids them is a 
muscular gizzard with a hard chitinous lining. In the Capitellidae 
there is a siphonal tube leaving the intestine in front, and entering it 
again behind. 

The nervous system is constructed on the typical Annelidan plan. 
It is sometimes in contact with the epidermis, though more often 
separated from the skin. The cerebral ganglion is contained in 

• The cephalic branchiae of the Sahelliformia are palpe not cirri. 
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tke prestonniim, and the eyes, when present, am often sessile upon 
it. The ventml cord is double, and the two halves are usually 
closely approximated, though in some Sabdliformia (Serpulidae) 
they are widely separated (Fig. 369), 
especially in front, and connected together 
by transverse commissures which pass 
between the ganglionic swellings. These 
latter are segmental, the first or sub- 
pharyngeal being often contained in the 
third segment, and the nerves are given 
ofif from them. In some forms, e.g, 

Arenicolaj the ganglionic enlargements 
are very inconspicuous. A stomatogastric 
or visceral system is given off from the 
cerebral ganglion, or from the circum- 
pharyngeal commissures, or from both. 

Giant fibres are often present on the 
dorsal side of the ventral cords. The 
nerves to the palps arise from a special 
section of the cerebral ganglion ; the 
nerves to the tentacular cirri come off 
from the subpharyngeal ganglion, and 
sometimes from the circum- pharyngeal 
commissures as well. The subpharyngeal 
ganglion, which also supplies the first- 
^arapodium, seems, as a rule, to consist 
of the ganglia of two or more segments 
fused. 

Sense organs. The tentacles, palps, 
and tentacular cirri must be regarded as 
tactile organs ; and the ciliated pits which 
are often present on the prestomium and abut upon a special lobe of 
the brain {Capitellidciey Opheliidae, Arenicola, etc.) as olfactory. In 
addition to these we sometimes find otocysts in the prestomium 
{Arenicola and Polyoplithdlmm)^ or in some other segment of the 
body {FaJmeia^ Myxicola^ Terehella\ or even segmentally repeated 
in the dorsal regions of a certain number of segments {Aricia). 
In some species of Arenicola they retain the opening to the 
exterior.* 

In the Capitellidae groups of sensory cells bearing sense-hairs are 
* Ehlers, Z.f. w. Z., Sup. Bd. 68, 1892. 



Fio. 868.— Alimentary canal of 
Ai^TodiU aevleata (after If. 
Edwards). Fk pharynx ; D 
intestine ; L intestinal OiepaUe) 
caeca. 
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found on the lateral portions of the segments, and are called the 
lateral line organs. 

The pigmented bodies, called eyes, and occurring in pairs on some 
of the segments of Polyophthahnus^ are probably photogenic organs. 

Eyes.*^ Paired eyes are often present on the prestomium, especially 
in the free-living forms; but they are also found in other places, 
e,g.^ the anal segment {Myxicola^ Fahricia\ the gills of some 
Sabellids {Branchiomma^ Dasyclione), The cephalic eyes attain a 
lar^ size and complex development in the pelagic Alciopidojej^ 



a I 


Fio. 869. --Brain and anterior portion of the ganglionic chain of a, SerpvTa ; b, NtnU (after 
Quatreft^es>. 0 eyea; O cerebral ganglion (brain); o oesophageal (or pharyngeal) com- 
mUsuree; Ug suboeaophageal ganglion ; €, t' nerves to the tentacular cirri and peristomiuin. 

where they have a large lens and a complex retina (Fig. 389). In 
most forms the prestomial eyes are simple cups of the epidermal 
layer, which may be open or filled by a substance continuous with 
the outer cuticle and constituting a lens, as in the eye of some 
Gastropoda {vide Fig. 290, B). 

The vascalar ayatem is constructed on the usual type ; there are 
dorsal and ventral contractile vessels giving off vessels to the skin 
and internal organs. In some forma there is a continuous blood 
sinus round the intestine instead of the usual capillary plexu# 

* B. Andrew^ “ Eyes of Polychaetous Annelids,” Joum. Morph. 7, 1892, 
p. 189. 

t Greet Uh. d. Auge d. Alcu^pidm,” etc., Marburg, 1876. 



POLYCHAETA. 


465 


(Terebellids, CryptocepTialaj etc.). The blood is usually red, owing 
to the presence of haemoglobin in solution; but in some forms 
(fihloii'hcuimidae^ and some Sahelli^mia) it is green, owing to the 
presence of a green pigment called cldcrocruorin. In Aphrodite 
the blood fluid is yellow, and in Magdona it is pink, owing to 
the presence of a pigment called haeinerythrin. The vascular system 
is said to be absent in the Olyceridae^ Capitellidae^ Polydrrm, and 
Tomopteris. 

The respiratory ftinction is discharged by the gills (see above), 
and probably by the whole surface of the skin. 

The perivisceral cavity (coelom) is well developed, and is 
frequently divided by transverse segmental septa into chambers, 
but in some of the tubicolous forms the septa are deflcient> many of 
them being absent. Muscular bands pass from the median ventral 
line, where they are inserted on each side of the nerve cord obliquely 
dorsally and outwards, where they spread out in a fandike manner to 
be inserted into the dorso-latcral body-wall. They divide the body- 
cavity more or less completely into three regions, two lateral, and a 
median containing the alimentary canal (Fig. 364). The coelomic 
fluid contains amoeboid corpuscles, and is usually colourless ; but in 
the Glyceridaey CapitelUdae^ PolycirruB^ the coelomic corpuscles are 
coloured with haemoglobin. 

Median dorsal and ventral mesenteries passing from the body-wall 
to the gut-wall, and dividing the body-cavity into a right and left 
half, are present in some forms {Capitellidae^ Sabella^ etc.). 
iQBxcretory organs. In many Polychaets the nephridia occur in aU 
the segments except a few of the anterior and posterior; but in some 
they are reduced in number, e.gr., to six pairs in Arenicola^ one pair 
in SierncLspiBy and one or two pairs in Chlorhaemidae. In the 
Capitellidoje there may be more than one pair in a segment, and a 
single nephridium may have more than one internal opening ; more- 
over, adjacent nephridia may be connected together. 

The nephridia of Polychaets are either long convoluted tubes 
(e.^., NereiSy Fig. 370) with a small internal funnel, or short and 
wide tubes (e.^., Arenicoloy Fig. 371) with a wide funneL The 
nephridia of the former kind cannot serve as escape-ducts for the 
ova, and it becomes a question, in animals which possess them alone,;* 
how the eggs pass outwards.'^ In sOme tube-dwellers one or more 

^ It is TOssible that the dorsal ciliated organs of Ntreiiy which occur in pairs 
in most of the segments as ciliated patches of coelomic epithelium, may really 
have undetected external apertures (Goodrich, S4, 1S9S.) 


466 


AmnsTiiBA. 


pain of the anterior nephridia become much enlarged as renal organs, 
while the nephridia of the posterior part of the body become much 
reduced, and serve as genital ducts^ 

Beprodnetive organs. The Polychaets are mostly dioecious, but 
a few are hermaphrodite (some Sabelliformia, e.g., Amjphiglena, 



Fm, l70.--1fephiidiQin of Nereis (after Goodrich, diagrammatic). The nephridial tube opena 
mtemally at nepK. fun,, extenially at neph. p., and is divided into four regions ; p, s, can, 
postseptid canal. 

SaJmaeinOf ProttUa^ Sptrorbis^ and some Hestantdae). The gonads, 
which are differentiations of the coelomic epithelium, are not so 
narrowly localized as in Oligochaeta, but are more dilliised over the 
body — on the walls of blood vessels, on the intestinal wall, or even 
on the body-wall.* The products, when ripe, are dehisced into the 



fici. iJl.— Nephrldium of AftnUoUi fsarina (after Vogt and Timg). a vesicle ; h glandular 
appendage ; e fhnset ; d lower, « upper Up of funnel ; / opening of fhnnel into the vesicle ; 
f nerve oocd ; k longitudinal muaolea ; i Une of insertion of setae ; k setigerous saoa ; 
I iggitgidloii of reproductive cclla. 


♦ Cotmovici, Arch. ZotA, 8, 1879-80. 
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body-cavity, where they ma- 
ture; they eventually escape 
either by rupture of the body- 
wall, or through the nephridia. 
There are no si^ecial generative 
ducts. Only a few Polycliaeta 
are viviparous Syllis 

vivipara Kr., Marphysa sanr 
guinea Mont., etc.); all the 
rest are oviparous; many lay 
their eggs in a jelly {Aricia^ 


1 2 



Fio 373.— Different forms of ATerrts 
dumerUii (after Claptr^e^ from Per- 
rier). I, young form ; f, heteronereld 
feiiia'o ; 9 heteronereld male. 



Ffo. 871— A parapodium of TomopUrU with a 
mass of ova Ov, and one free omm (after 
Gegenbaor). 


Ophdioj Phyllodoc^j others attach 
them to their ovm body, e.^., to the 
back beneath the elytra {Pclynoe 
eirrcUa\ to the dorsal or ventral 
cirri {Exogom\ in a ventral brood- 
sac (Atdolytu8\ in the operculum 
(Spirorbis)y or in various tubicolous 
forms to the tube. 

PolymorphisnL The forms for- 
merly placed in the genus Hetero- 
nereis have been shown by Malmgren 
to be merely the sexually mature in- 
dividuals of certain species of Nereis. 
The genus has consequently been 
given up, but the name has been 
retained to denote the sexual phase 
in the life-history of these Nereids. 

The changes which the worms 
undergo in passing from the imma- 
ture condition to the mature Hetero- 
nereid condition chiefly affect the 
posterior part of the body in which 
the generative organs are contained; 
in this part (Fig 373) the parapodia 
become larger and acquire flattened 
foliaceous outgrowtlis, while the setae 
are thrown off and replaced by new 
setae of a flattened form and a fan- 
like arrangement. Moreover, the eyes 
become enlarged the dorsal eifri 
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altered, and the animal paas'w from a creeping to a free-swimming 
existence. F^her, there is a sexual dimornhism, inasmuch os the 
sexually mature male is more altered from the immature form than 
the female, having fewer unaltered anterior segments. 

In Norm dumerilii ClaparMe has shown that there is a still 
more remarkable phenomenon of the same kind. In this species 
it appears that there are four distinct sexual forms, differing from 
one another in size, form, mode of life, etc.; they are (1) a sexual, 
dioecious Nereis form, distinguished by its small size; (2) a sexual 
hermaphrodite Nereis form; (3) a dioecious Heteronereis which is 
small, and swims on the surface ; (4) a dioecious Heteronereis which 
is larger, and creeps on the bottom. It is not known how these 
forms are related to each other. 

In the SyUidae phenomena of a very similar kind have been 
observed, and there is a Heterosyllid sexual condition in which 
the posterior sexual segments acquire a dorsal bundle of specially 
long setae; but in this family the phenomenon is often accom- 
panied by asexual reproduction, which we will now proceed to 
consider. 

Asexual reproduction. The power of asexual reproduction is 
closely associated with the power of reproducing lost parts, and with 
the power of indefinite growth, i.e. of growth after the adult 
condition has been attained. In many Polychaetes the number of 
segments continues to increase throughout the life of the animal by 
the addition of new segments between the penultimate and anal 
segments; and in most, if not in all of them, the power of repro- 
ducing lost parts is very extensive. For instance, in many of them 
it has been observed that if the body be cut into two parts, the 
anterior pert will produce a new hind end, and the posterior part 
a new head. 

These two phenomena — the reproduction of lost parts and the 
protracted formation of new segments — are both instances of the 
phenomenon of budding, and it is not surprising to find reproductive 
gemmation normally occurring in the group. 

The simplest cases are those in which a zone of fission is formed 
between two segments, which becomes differontiated into an anal 
region for the part of the worm in front, and a cephalic region 
for the part of the worm behind. This results in the division of 
the worm into two {Salmacina dysteri, Filigrana implexa). Sexual 
reproduction does not appear to take place in a worn undergoing 
finion. 
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In some genera of the Syllidae the process is more complicated.* 
The Heterosyllid condition is assumed (Fig. 375, /), and the worm 
divides into an anterior non-soxual portion, and into a posh^rior 
sexual portion (Fig. 375, //), which after separation acquires a new 
head, and becomes an independent male or female worm. The 
anterior non>sexual portion develops after separation new anal 


I* 



Fio. 874. — Autolytut 
comutus^ with the 
male animal Polylo$’ 
irichus (after A. 
Agassis). Ftentacles; 
CT tentacular cirri 
of the asexual worm; 
/tentacles; cl tenta- 
cular cirri of the male 
Pciybo$Uichu8, 
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Fio. 875.— Diagrams illustrating the asexual 
reproduction of different Chaetopoda. /, 
the heteronereid or heteroeyllid stage ; A 
non-sexual anterior part ; B posterior sexual 
part. fJ, the posterior sexual part is 
separating fh>m the anterior non-sexual 
(SylHs h)faHna). Ill, the same in AuMfiu$, 
the hinder zooid derelops a head before 
separation. IFand T budding in 
Myrianida,eUi., in which the zone of Sssion, 
after producing the head of the sexnal worn, 
persists (Z% and gives rise to. a chain of 
sexual zooids (C, D). Altered from Benham. 


F 



segments, which eventually acquire generative organs and Hetero- 
syllid setae, and in their turn separate from the anterior portion to 
form an independent sexual worm, male or female ; in this case the 
two sexes are similar. In some cases the sexual form may never 

* Sehisogamy is the name given to that method of reproduction in which a 
sexual worm is produced by fission (fissiparous) or by gemination (gemmiparous) 
from a sexless wonn ; in other words, sebizogamy is synonymous with meta* 
genesis. 
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develop a head, but as a rule it develops a head, and is then known 
accoiding to the characters of the head, as the Tetragleiia^ Chaefo- 
ByUUj Syllis amieaj or loda. 

In Auldytns (Fig, 375, III) the process is still more complicated, 


1 



Wm» JudakL U MoOttm Imdtfiiig fora wfUi a dnltt of S9 budded Mxael 

9mm % mtim 9mm pradaeed bjr buddtef, aad celled PU^bomridtuM. S, e fenele foiui^ 
ceiled . jenuf I rfi cm mfefml eabemMi; ml letml «itet*tiae ; op poeteriapr latml cnfti^Beee ; 
d tcefeeu^r efnf ; ep tmiteel drri ; id donel cirri ; Sr eexlece sooM ; ta ovigen/os 
a (pAer Ito eqeia, fira reiTier)i 
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for the formation of the new segments begins before the two parts of 
the worm separate, so that the posterior sexual worm acquires its 
head while still attached to its sexless nurse In other words a zone 
of fission is formed, and tliis zone may prodnee not only the head of 
the hinder worm, but a number of segments which become marked 
out into a series of zooids in which genital organs eventually appear. 
In this way a chain of sexual zooids, attached to the asexual **8colex” 
in front, is formed; the zooids are all of the same sex, and the 
posterior of them is the oldest and most developed (Fig, 376, /F, F). 
The male zooids differ very remarkably from the female, and were 
formerly relegated to a distinct genus called Pdlybostrichus (Fig. 374X 
the female being known as Saceone7*eis and characterized by the 
possession of a ventral broodnsac. In this case we have a combina- 
tion of by which the first-formed zooid is formed, and 

geinriiationy by which the succeeding worms are formed from the 
segments successively budded off at the zone of fission. 

In Myrianula a very similar process takes place, and a chain of 
sexual zooids attached to an anterior sexless zooid is formed ; in this 
case, however, there is no fission, but gemmation only from a zone of 
fission, for none of the segments of the original worm, except the 
anal, enter into the constitution of the first formed sexual zooid; 
the process starts with the formation, in the gemmiparous zone 
between the penultimate and anal segment, of ne^ segments, which 
give rise successively to the first formed and all subsequent zooids 
of the chain. In this case, as in Autolytusy the males and females 
are never formed on the same stock, and are distinguished as 
PolybostricJms and Sacconereis forms (Fig. 376). Moreover, in each 
zooid there is a region in which new segments are formed, so that 
the posterior and oldest zooid of the chain is also the largest. 

Syllis ramosa — a form obtained by the Challenger ” in the canal- 
system of an Hcxactinellid sponge — i>osscsse8 the peculiar property 
of foniiing lateral buds, which may themselves produce buds before 
separation: in this manner a branched colony arises, some of the 
individuals of which develop genital organs, and probably become 
free. 

Almost all Folychaets are marine, but a few fresh-water forms 
are known, a Nereis and LumhtHconereis from Trinidad (Kennel), 
Mcmayunkta in N. America (I^idy). A few are parasitic, 
(Higognathm Inmelliae (one of the Eunieidae) in the body-cavity 
of Bonellia; Ldbrarodratus parasiticuBy another Eunicid, in the 
body-cavity of OdorUosyllis ctemsionuxlus ; larvae of the Aldopinae 
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in the Cydippidae. Many are commensals, living in the tul>c8 
of other worms, and in the ambulacra! grooves of starfishes; this 
is especially common with the Polynoids, A few are pelagic, e./;., 

Alciopidae^ some 



Fto. S77.— Part of a stock of !SyUi$ ramom (somewhat diapcram- 
matic, after McIntosh, from Korschelt and Hcider). d iiitestino 
which branches through the entire stock. The stock is injureil 
in some places. 


Phyllodocidae^ 
Tomopteris^ Typh- 
losrolexj and somo 
sexual Nereids 
and Syllids (He- 
teronereids and 
Heterosyllids). A 
few are borers, 
Polydora 
ciliata in chalk, 
limestone, shells, 
etc., SaMla saxi- 
cava, etc. 

The majority 
are littoral, but 
they are found at 
all depths to 3000 
fathoms. They 
either live freely, 
creeping on the 
bottom, or inhabit 
tubes. The tiilxj 
is formed of 
mucus which is 
secreted by the 
ventral gland- 
shield, or other 
glands. The mu- 
cus hardens to 


form the tube, which may be strengthened by the incorporation of 
mud, sand-grains, or pieces of shell, which are actively collected for 
the purpose by the animal itself. In the Serpulids the tuljc is 
fortified by t|i^ presence of calcareous matter s<‘cretcd by the animal. 

worSii are phosphorescent, c.y., Chafdopterm, many Pohj- 
SyllidSy TerelnSlkUy etc., and probably Tomoptevis by siKicial 
organs on the parapodia, and Polyophthalmm by the so-called 
segmental eyes. 
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Tlie Polycliaeta are found fossil from the Siluiian onwards. 

Development. There aie two main types of embryonic develop- 
ment met with in this group. In one of them the ovum is small 
and ha- little food-yolk, the gaatrula arises by invagination, and the 
blastopore remains open as the mouth {Eupomaius uncinatvs^ 
Pomatoceros triqueteT)\ in the other the ovum is larger and has 
more food-yolk, the gastrula arises by epibole, and the blastopore 
closes {Psygmoh^anchm protmmSy Nereis mltrifera^ etc.). In all 
cases hatching takes place at an early stage, and there is a prolonged 
period of larval life. The Lirva has the trochospheie form, which 
has already been described in the case of Polygordivs (p. 453), or 
a form which can be readily reduced to that of the trochosphere. 

The trochosphere of trie marine Chaetopods presents two distinct 
types: (1) lar/ae in which there is an extremely large blastocoele, 
i.e., space betweei* the ectoderm and endoderm, derived from the 



Fio. 3V8 — Atrocl al Jarxae. of Lambrico* 
ncre>8 (after Claparede and lletschnikofl); 
Bf of Sterna.'!) < scutatv (after Vfidovsl'yX 
eii CMticle ; d intestine ; ent endoderm. 



F:a S79.-~Me80trochal larra 
of Chaetopterua pergamen- 
taceua (after Wilaon). m 
mouth. 


segmentation cavity of the embryo; (2) larvae in which there is no 
blastocoele, the ectoderm and endoderm being in contact except 
where separated by the larval mesoderm. 

Larvae of the first type, in all cases in which their embryonic 
development is known, proceed from embryos with an invaginate 
gastrula, V.e., from embryos which develop on the type first 
described. The bebt known instances of this larval type are 
allorded by Eiipomaius^ Po7natocero8, and Polygmdius (Fig. 454). 

In like manner larvae of the second type, in all cases in which 
the embryonic development is known, proceed from embryos with 
an cpibolic gastrula. As instances of this larval type, the larvae 
of PsygmobraJicJitiSf Nereis^ etc., described by SaJensky, may be 
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mentioiied. The larva of LopadorhynchtiB (Klcincnlxitg) is of this 

type, but its enil)ry- 
oiiic development is 
unfortunately not 
knoAvu. 

In the larvae 
cilia are rarely dis- 
tributed over the 
whole surface of 
the body {Atrorha* 
Fig. 378). Tliey 
are usually conlined 
to special rings. 
Romotimes, as in 
Lovell’s larva, tli(‘ro 
is one row placed 
in front of the 
mouth at some* dis- 
tances from the an 
terior end of the 
Sometimes there are two rows, 




Fio. 880.— Larvae of Polycharfn (aaor Pasch.). n, larva of AVrrts. 
F tentacle ; Oc eyes ; PrW prcoral ring ; 0 iiioutli ; A anus. 
8, mesotroclial larva of Chactoptenis ; Wp circles of cilia. 


body {e.g.^ larva of PobjnoCy etc.). 



Fro. 881 .— Lateral vieir of Mitraria larvae (aft»r MctachnlkoflT, from Balfour), an anus; 
h and hr the processes carrying the provisional setae ; 7a mouth ; pri\b jtreoral ring ; apical 

plate. 

* Cf. B. ClaparMe and E. Metschnikoft*, “ bcitriige zur Eiitwickeluiigsgesoh, 
dor Chaotopoden/’ if./, w, Z, 1^, 1S09. 
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oiH‘ at (‘acli end of the constituting a 

pn.Mjral and perianal ring {Telotrorlia^ ca/., 
Spio, Nr)ihthi/$ larva). In a«lditiou to these 
two l ings of cilia, inconn>l(*te rings may also 
1)0 }>resent on the vtuitral surfaca* (( r astro- 
trocha\ or Ixjth ventrally ami dorsally 
{Amphitrorha), In other cases one or more 
rows of cilia surround the middle of the 
bo<ly (J/oW/vWia), while the terminal rings 
(prcoral and perianal) arc absent, c.^., Ctiae- 
tnpterus larvae (Fig. 379). Many larvae are 
providerl with long pro- 
visional setae, which are 
later replaced by permanent 
structures, c.f/., the Mitra- 
ria larva (Fig. 381), and 
the larva of Nermt\ etc. 

In some cases the larvae 
have true mesoderm seg- 
ments, each of which is 
provided with a ring of 
cilia {Polytrorha, Fig. 383). 

In spite of their great 
divei'sity of fonu the Chae- 
toi>od larvae can in their 
later development also be 
rcdiicial to the ty[)e of the larva of Loven (larva of Folt/yordius^ 
Fig. 451). 

nraiich A.* rilANEROCEVHALA. 

Presto/tnunf free awl exposed^ generally with eyesy ientacleSy and 
2ndi>s. The body seyments are more or less alike. 

Suborder 1. NEREIDIFORMIA. 

AVith well-d(‘\ clt>p«Ml tentacles and palps ; the peristomium generally 
pn^sess(^s <*ir!i. The parapoilia are well-marked locomotor organs, 
siij)jM>it<Ml by [icicula; they (‘arry dorsal and ventral cirri. The 
air usually jointed; uncini are never present. There is an 
e\«‘isibhi buccal r»\gi(Ui and a muscular jiharynx, which is usually 

* The i lassilication lu rr a«lopt»Mi is that of Dr. W. H. BeiihaTU in his 
a'biiii*al>l<‘ arjMniDt ol tin* lN»lyrhn*ta in the Cmnhrilije Xatural History^ 
Wuiiiis, a!j<l 1’ l\,^)a. Macmillan Co., London, 1S96. 



Fin. 383. — Polytro- 
dial larva of 
ryotriK’ha pvtriiu 
(after Clap, and 
M«tsdi ). (i intes- 
tine; A: jaws. 



Fio. 382. — Arindid lar\.a 
with provisional Mdue 
(after Agassiz, from Bal- 
four). 
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armed with chitinous jaws (Fig. 367). The septa and nephi-iiUa are 
regularly repeated throughout the body. For the mo t jart preda- 
ceous ; a few form tubes. 

Fam. 1. Byllidae. Small worms with elongated, flattens d body : head 
usually with three tentacles, palps, a id iwo to four tentacular cirri. The palps 
are often fused with each other, or with the pres^omium. Parapodia with a 
single setigerous branch (neuropodium), often with a dorsal and ventral cirrus ; 
the dorsal cirrus always appears with sexual maturity. Following the pharynx, 
which has one or more teeth, is a special gizzard with thick muscular walls. 
The oesophagus receives in many genera a pair of T-shaped diverticula. Sexual 
and asexual foims are sometimes found in the same species. Many carry their 
eggs about till the young are hatched. Syllia Sav., teiitacb s and cirri monili- 
fonn, three tentacles ; OdoniosyUia Clap. ; Trypanosyllia Clap. ; Sphaerosyllis 
Clap.; Oruhea Clap.; Sy Hides Oersted; Paedophylax Clp. ; Anoplosyllis Clp.; 

Eusyllis Mlg. ; 
Pionosyllis Mlg.; 
Pterosyllis Clp. ; 
Exogone Oerst. 
Autolyius Gr., 
palps small, and 
fused with pre- 
stomium, no ven- 
tral cirri; A, 
prolifer 0. F, M., 
asexual form, ti e 
male has been 
described as Poly- 
bostrichus Miilleri 
Kef., the female as 
Saeconereis lielgo- 
lavdica}ill\\\\,[¥i^ 
384) ; Proccraca 
Elilers. Myrian- 
ida M. Edw. ; M, 
fasciata Edw., 
with foliaceous 
cirii (Fig. 876). 
The posit ion of Ke- 
ri lla 0. Schm. {Du- 
jardinta Clap.) i.^ 
uncertain. 

Fam. 2. Sphae- 
rodoridae. Doi-sal 
and ventral cirri 
spherical. Splute- 
rodorum Oerst. 

Flo. 884.— The two 8«xes of Autolytvs proli/er, J, fe nale carr I 113 its / PollicitaJ ohnut) 

•ac of eggs (Sacconertis hetgeJandtea IfUller). f, ma,\e(P(^yoc$tri^ii8 P fhlr 

Umeri Kef.), a antenna.: ; 5 first pair of dorsal cirri ; r biftircatcfl ItamKe. 

palpa of the male ; d normal dorwil cirri ; e median antenna .f male Hesio- 

/ tentacular cirri. (From Perrier.' nidae. Body 
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short, with only a few segments; {rcstomium with 4 eyes, 2 or 8 tentacles, 
and generally with jointed palps ; peristomium and 2 or 3 following segments 
achaetous, with long tentacular cirri. Parapodium usually uniramous, or, if 
biramous, notopodium small, doRwil cirri long and multi-articulate. Eversible 
region short, pharynx long, unarmed; two direrti iila behind pharynx often 

containing air (air-bladders*). 
Anal segment with two cirri, 
and often with reduced para- 
prdia. Hemne Sav. (Fig. 
385) ; H, sieula, D, Ch., 
Med.; Pmmaihe Johns t; 
Tyrrhena Olp. ; Tdanume 
Clp. ; Steph inia Clp. (OpAto- 
Fio tpUndida Sav. ( R^gne Animal). dromus Sars) ; Dalhon iia 

M int ; SalvtUoria Mint ; 

Magalia Mar. and Bob.; Oxydromus Gr.; Kefersteinia Qtf. 

Fam. 4. Aphroditidae. With broad scales {elytra, ie., flattened dorsal 
cirri) on the notopodia ; these are usually placed on alternate segments, often 
only on the anterior part of the 
body. Prestomium with eyes, with 
one unpaired and usually two lat ral 
tentacles, to which may be added 
two palps. Facial tubeicle in front 
of mouth. Pharynx thick- walled, 
with two upper and two lower jaws. 

The intestine is provided with a 
number of paired caecr.. Very com- 
monly as epiparasite- on other 
animals, e.g,, Malmgr via casta tea 
Mint, in the mouth of Spatangus 
p^trpurcus ; Ilennadioii assimiU 
Mint., round the peristome of 
Echinus esculent us, Halosyd'ia 
Bairdi between the mantle and foot 
of Fi*^surclla cratitia) Acholoe aster'- 
cola Clp. in the amubulacra of Astro 
pecten, Polynoe cirrata in those of 
Spatangus spinosissivius^ Hf'rmadion 
echini in those of Echinus sphaera\ 

Evarne pcntactes Giard on the body 
of Cucuviaria peniactes ; or as com- 
mensals with other Annelids, e,g., 

Lagtsca cxtcnnata in the tube of 
Serjnda verm^cularis^ Hannoihm 
waclcodi in the tube of Tercbclla 
conch! lega, Polynoe scolopetv^rina in 
the tubes of Terebellids, Hamiothoe 
Malmgreni, and Nychia cirrosa in zse.^JphrodUt aeuleata Baiter (R^e 

the tubes of Chaetopterus xnsignis Aoiinal). 

(? mriopedatus). 

* H. Eisig, MU. a. d, %oul, StaJt. Ntaptl, 2, p. 255 
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Sub-fani. 1. Hermioninae. Bmiy sliort, oval; notopodial setae directed 
upwards and backwards to protect the elytra. Prestoniiuin with median 
tentacle and two long {lalps, without lateral tentacles. Peristomium 
Fctigcrous with long cirri. Elytra on segments 2, 4, 5, 7, 9, etc., up to 23, 
then on every third segment. Jaws not liardenod. Aphrodite L. (Fig. 386), 
the back and (lytra arc covered by a feltwork of 
chitinous threads arising from the notoj)odium. A, 
acnlcfita L, th<‘ s<*a-mo\ise {Hystinx marina Redi), the 
strong notopodial setae are iridescent, Atlantic and 
Med.; Hennione Blainv. (Ladmoniec Kinb.), dorsal 
feltwork absent ; Pontoffcnia CIp. 

Sub- fain. 2. Polynoinae. Elytra as in llcrmio- 
ninac ; two lateral frontal tentacles, with or without 
facial tuWide; peristomium with long dorsal and 
ventral cirri, and the ventral cirri of the next segment 
elongated. Large teeth on the j)lmrynx. Polynoe Sav. 
(Fig. 387), with three tentacles, posterior region often 
without elytra ; P. scolopendrbw Sav.; F, {Harmothoc) 
areolata Gr., in the tulles of Chaetopterics and Terchella 
nebidosa; Iphione Kinb., two tentacles; Lepidomtm 
Leach ; Ualoaydna Sars ; Lepuiasthenia Mgi*. ; LrpU 
dametria M^ebs.; Kychia Mgr.; Dasylepis Mgr.; liar- 
mothoe Kbg. ; Lcucia Mgr. ; Lagim Mgr. ; Iknmdion 
Fio. 387.— Kbg.; Enipo Mgr.; Melaeim Mgr.; Bylgia Theel; 
iii»io8av.(R^gneAiinaal). Acholoe Clp. ; Malmgrenia Meint. ; Eupohjmc Mclnt; 
Polyennoa MeInt.; AllmnnicUa MeInt. 

Sub-fani. 3. Aeoetinae. Long vermiform body. The elytrifcrous segments 
alternate regularly with segments bearing dorsal cirri throughout the body, 
With two pedunculated eyes, without facial tubercle. Three tentacles. 
AcoetalA.'lSidyfrf EiqmipeKinh.; PolyodontcsKonm; Panthalis Kinh. 






^Mk 


Fio. SSS.—Phyamoce Parttii Biv, Aniiiuil). 

Sub-fam. 4. Sigalioninae. Long vermiform hwly. Elytra anteriorly 
on alternate segments, i»o8teriorly on all the segments with or without 
gills. Without facial tubercle. Sigalion And. and Edw.; Slhnidoia Kinb.; 
Fsammohjre Kinb.; Thdenessa Baird ; Lcnnira Kinb.; /VioAv’ ,b»hnst. 

Sub-fam. 6. Polylepinae. Elytra on all segments, no dorsal cirri, 
Lq)idopl€unis Clap. ; Pdogenia Schni, 

Fam. 5. Palmyridaa. No elytra ; strong setae di.spo.sed in a fan -like manner 
arise from all the parapodi.i dorsal to the dorsal cirnn. Cln'y.iopdulum Ebl; 

Palmyra Sav. 
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Fam. 6. PhyllodoeMae. Body elongated, with numerous segments ; presto- 
iniuni rounded with 4 or 6 tentacles ; peristomium with 4 tentacular cirri ; the 
cirri of the parapodia arc foliaceous. 

Sub'fam. 1. Phyllodoeinae. With small eyes. Phyllodoce Sav. (Fig. 
388), with 4 tentacles; Eulalia Sav., with 5 tentacles; Eteonc Sav.; AnaiHs 
Mgr. ; Genetliyllis Mgr. ; Mystides Thcel ; Notophyllum Oerst. ; Lacydmia 
Mar. and Bob. 

Sub-fam. 2, Lopadorhynehinae. Small transparent pelagic forms with 
small eyes ; intermediate between Phyllodocinae and Alciopinae, Lopado^ 


rhynchus Gr, ; Hydropfmies Clp. ; PelagMa Grf. 

Sub-fam. 3. Alciopinae.* Transparent, pelagic worms with one pair of 
largo hemispherical projecting eyes (Fig. 389). There are long peristomial 


cirri and 6 prestomial tentacles. Found 
in most oceans, but rare in the North 
Sea. The larvae are in part parasitic 
in Cydippidae. Alciopa And, and Edw.; 
Alciopina Clp. and Pane.; Asterope Clp.; 
Vanadis Clp. (Fig. 389) ; Halodm'a Grf. ; 
Greefia (Naiiphanta) MTnt. ; Callizona 
Grf.; lUiynchonereella A. Costa. 

Fam. 7. Tomopteridae.f Trans|mrent, 
pelagic forms, with two eyes, bifid presto- 
niium (the lobes of the prestomium may 
be tentacles ; tlioir cavity is continuous with 
the body-cavity), and four tentacular cirri, 
of which the po.sterior are inucli the longest 
ami contain one scU, while the anterior 
contain two setae. The mouth is with- 
out proboscMs and jaws. The parapodia are 



Fio. 889.— Head and anterior end of 
Fatuulis mehmophthalmvs Greeff 
(after Greeff). Showing the largo 
eyes. 


large, biramous, and without setae ; each 

branch contiiins a yellow rosette-shaped organ, probably photogenic, Tomopteris 


Eschsch. (Fig. 390). 

Fam. 8. Nereidae (Lycorulac), Body elongated, with many segments. Pre- 
stomium with two tentacles, two palps and four eyes ; peristomium with four 
pairs of tentacular cirri. Parapodia uni- or biramous with dorsal and ventral cirri 
and composite setae. Proboscis usually with spines, and always with two jaws. 
Nereis L. ; A^. divcrsicolor MulL, burrows in mud and sand, fleshy red colour; 
N, cultrifera Gr., greenish grey, with small rectangular light spots along the 
dorsal surface ; 6 inches. N dumerilii Aud. and Edw. (Figs. 391, 392), reddish 
violet with darker transverse lines in each segment ; peristomial cirri very long. 
N, pclagica L., bronze, large, widest in middle of body, back arched, on rocky 
ground. N, (Nereilepas) fucata Sav., lives on whelk shells. N, (AliUa) virens 
Sars — the cree})er — may reach length of 18 inches, burrows in clay, etc., para- 
podia with large foliaccous lobes. Lycastis Sav. ; Dendroyiereis Peters. 

Fam. 9. Kephthydidae. Body elongated, quadrangular in section with flat 
dorsal and ventral surfaces. Prestomium inconspicuous, with 2 or 4 small 
tentacles. Peristomium with reduced parapodia bearing setae and two tentacular 
cirri. Parapodia biramous ; the two branches are widely separated, and each 
is fringed with a membrauo. The notopodium has a curved gill on its under 


* R. Greeff, Nova Acta Acad. Car, Leop,^ 29, 1876, p. 35. 
t R. Greclf, Zeit,f, wiss, Zool., 42, 1885, p. 432. 
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side, arid a email cirraa. The neuropodium has a ventral cirrus. Pharynx 
large, with papillae and two small jaws. KeplUhys Cuv.; JNT, homheryii Aud. 
and £dw., burrows in the sand near the shore to 20 fathoms ; Portellia Qtg. 

^ Fam. 10. Ampliuioiiiidae. Body vermiform or oval and flattened, with a 
small number of segments. The mouth is shifted backwards and surrounded 
by several similarly built segments. The prestomium is indistinct, or repre- 
sented dorsally by a sense-organ — the caruncle — which extends over several 
segments. Usually three tentacles, two palps, and one or two pairs of eyes. 
Proboscis well-developed, without teeth. Parapodia biramous, Avith dorsal and 
ventral cirri, and dorsal branchiae. Most of the species are tropical. Euphrosyne 
/olio$a Aud. and Edw , and Eurythoe borealis Oerst., are found in the British area. 
Sub-fam. 1. Ampliinondnae. With caruncle ; with 2 branchiae on each 
segment. Amphinoma Brug. {Pleione Sav.) ; ffermodice Kinb.; Eurythoe 
Kinb.; Notopygos Gr.; Chloeia Sav. 

Sub-fam. 2. Xnphrosyninae. With caruncle ; with numerous branchiae 
on each segment. Euphrosyne Sav. 

Sub:fam. 3. Hipponinae. Without caruncle. Hipponoa Aud. and Edw.; 
SpirUher Johnst. ; Aristenia Sav. 






flf 


N 


Fio. 990.^TmcfUr%$ rolaH Graeff (after Greeff). 


Fam. 11. Stanroeepbalidas. Prestomium with two dorsal jointed tentacles, 
and two inferior lateral tentacles (? palps). The two first segments without 
appendages. Parapodia biramous, with two kinds of setae. Without branchiae. 
Stauroeephrdus Or. {A iisoeeras Gr. ; FrUmognathus Kef.); Pareustius Lev. 

Fam. 12. Lysaretidae. Prestomium with three tentacles and four eyes. 
The two first segments without appendages. Parapodia uniramous with one 
kind of seta. Dorsal cirri foliaceous, branchial. HcUla Costa ; LysareU Kinb. ; 
Danymene Kinb. 

Fam. 13. Lnxnlirieoiiereidae. Without branchiae, without or with reduced 
oirri, and without tentacles. The two first segments without appendages. 
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Arabella Gr,; Zurribriconereis Gr, prestomium conical without tentacles and 
palps ; Drilonereis Clp. ; Notocimis Schm, ; Laranda Kinb. ; Ophryotrocha 
Clp. and Meczn., with segmental ciliated rings. 

Fam. 14. Eunicidae. Elongated body, with numerous segments. Prestomium 
distinct and projecting, with 3 or 5 tentacles, or with 6 tentacles and 2 palps, 
or without appendages ; usually with eyes. The first (peristomium) or the 
two first segments without parapodia, but they may have cirri. In EurUee 
and Diopatra the second segment has a doi'sal cirrus — the nuchal cirrus. 
Parapodia uniramous, rarely biramous, with ventral cirri and branchiae (the 
so-called dorsal cirrus contains an acicultim, and is the reduced notopodium). 
Usually 4 cirri below the anus. An upper jaw formed of several pieces, 
and a lower jaw of 2 lamellae are placed in a pocket attached below the oeso- 
phagus (Fig. 393). In most genera there are parchment-like tubes. Diopatra 



Fia. S91.~Head and anterior body s^ments of NtrHs dtmerUii (after ClaparMe). 0 eyes; 
P palps ; Ct tentacular cirri ; K pharyngeal jaws. 

Aud. and Edw. ; Eunice Cuv,, 5 tentacles, 2 palps, and 2 nuchal cirri; 
Marphysa Qtf., like Eunice, but without nuchal cirri ; Hyalinoeda Malmg., 
5 tentacles, 2 palps, 2 frontal palps, no nuchal cirri ; Onuphia Aud. and Edw. ; 
Niddion Kinb.; Macduffia Meint. ; I/ysidice Sav., 8 tentacles, 2 palps, no 
gills ; NemeUmureis Schmarda, one tentacle ; Palola Gray, 3 tentacles. A 
species of this worm lives in fissures in the coral-reefs of certain parts of 
the Pacific (Samoa, Fiji). Twice in every year — once in October and once 
in November — these worms swarm out to the surface of the sea in enormous 
numbers to spawn, and are caught by the natives for food. In each of 
these months the worms appear on two successive days, viz., at dawn on 
the day on which the moon is in her last quarter and at dawn on the day 
before {vide S. J. Whitmee, “On the habits of Palola viridU^' Proc. Zool, Soe,t 

2 I 
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1876, p, 496, and A, Collin, Bemerk, Ub. d. essbaren Palolowurm,” in 
Appendix to KramePs vork on the Coral-reefs of Samoa, Kiel and Leipzig, 1897, 
Lipfiius and Fischer). 

Fam. 15. Qlyoeridae. Body elongated, with numerous segments. Fre- 
stomium is long, conical, annulatod, and carries at its a]}cx four small tentacles, 
at its base two palps. The pharynx can bo protruded to a great length, and is 
provided with four, or several, strong teeth. Para})odia of first two segments 



Fio. 8M. - Parapodium of Nereis (after Quatre- 
fliges). DP notopodium; VP neuropodium, 
with bundles of setae ; Ae acicalani ; ^ dorsal 
cirrus ; Be ventral clrms. 



Fio. S93.— Pharyngeal apparatus of 
Eunice in a retracted condition, 
g brain; vd oesophagus: jA 
pharynx; pht pharyngeal pocket; 
h jaws; mh buccal cavity; m 
mouth ; r dorsal, 6 ventral surface. 
(After Lang.) 


incomplete, without tentacular cirri, uni- or biramous. Two anal cirri. Special 
retractile gills are present. The corpuscles of the coeloniic fluid are coloured 
red with haemoglobin, and there are said to be no blood-vessels. Glycera Sav., 
parapodia all alike ; G, gigantea Qfg., and 0, capitata Oerst, under stones and 
in sand, English Channel ; Hemipodus Qfg. ; Qmada Aud, and E<lw., anterior 
and posterior parapodia uot alike. 



Fio. 894.— (rlvoera MecMii Aud. and Kdw. (Rigne Animal), with everted pharynx. 


Fam. 16. Arioiidae. Numerous segments. Prestomium without tentacles, 
or with small tentacles, or with tentacular cirri. Peristomium with setigerous 
tubercles. Pharynx short, unarmed, slightly or non -retractile. Parapodia 
short, biramous. In all but the first few segments the parapodia are somewhat 
dornlly placed. Burrow in sand. Aricia Sav. ; Theodim F. Mull. ; Scoloplos 
Blainv. ; Sc. amiger Mull., is common on our coast, length one inch, red gills ; 
Ariculea Webs. 

Fam. 17. Typhloscolecidae.* Pelagic forms of uncertain affinities. Typhlo- 
seolcx Buscli ; Sagitelh Wag. ; Travisiopsis Lev. 

* Reibisch, Phyllodocidcn u, Typldoscoledden d. Plankton Expedition, 189r>. 
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Sub order 2. SPIONIFORMIA, 

Witlioui tentacles or palps; the peristominm usually carries a pair 
of long teiitaculuT cirri, and extends forwards at the sides of the 
prcstomiiiiu. The parapodia project but slightly; the dorsal cirri 
may attain a eonsid'erable size, and act as gills throughout the greater 
part of tin; body. The setae are unjointed; uncini are present only 
in Ohaftfuiderus, 

The body may j)rescnt two regions more or less distinctly marked 
externally, but without corresponding internal dill’crences. 

The buccal region may be cv'ersible, but there are no jaws. Septa 
and nephridia are regularly developed. The worms burrow or are 
tubiculuus. 



Fam. 1. Spionidae, Prestomium small, without tentacles or palps, though 
sometimes with tciitiiculiform projections, usually with small eyes. Peristomiiira 
extends forward on each side of the prestomium, and bears two long tentacular 
cirri. Parapoflia g(’neially bimmous, with simple setae. The iiotopodial cirri 
are long, linger-shajKjd, and ciliated, and function as gills. There arc no ventral 
cirri. The buci-al region is evei*sible. They burrow in mud and sand. The 
females lay their eggs in the tubes. Polydoni Bose. {Levcodorc Jolinst.). Pre- 
stoinium with two tcntaculiform projections. The 6th setigerous segment is 
enlarged, and bears specially strong setae arranged in a comb-like manner. 
1\ ciliala Jolmst., in soft mud tubes in U-8ha£)cd galleries in stones and 
shells ; length J-inch ; 40 segments ; anus surroundeil by incomplete funnel ; 
world-wide ; P. cocca Oerst. Spio Fabr., S, scticornis Fabr., Greenland and 
Scandinavia ; Prionospio Mlg. ; Scolecolepis Blainv. ; Nerine Johnst. ; N, migaris 
Johnst, under stones and on scirweed, 3 or 4 inches long, N. Atlantic. 

Fam. 2. Chaetopteridae.* Bwly divided inb^ two or three unequal regions. 
Prestomium small, often with eye-spots. Peristomium prolonged round the 
mouth in a funnel-liko manner, and l>earing two or four tentacular cirri. The 
fourth segment behind the i»eristomium with specially strong setae as in Poly- 
dora. Neui opodia bifid in the posterior region, and sometimes in the middle 


* Joj^ux-Lalfuie, Arch. Zool. Exp., (2), 8, 1890, p. 244. 
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r^on. Notopodia of the middle region in the form of fins, often lobed. They 
inhabit U-shaped parchment-like tubes, the two ends of which are placed at 
Bome distance from each other, and project above tlie sand. The skin of the 
worm is soft and delicate. The larvae are mesoirochal. Tclcpsavus G. Costa, 
two long tentacular cirri ; body divided into two regions ; Spiochactoptcrus Sars ; 
Fhyllochaetoptenis Gr., two pairs of tentacular cirri ; body divided into three 
regions. Chaetopterus Cuv. (Fig. 395), two tentacular cirri. Body divided into 
three regions. Phosphorescent. Ch, variopedatus Ren. , Channel Islands, English 
coast, etc., anterior region with 9 pairs* of setigerous conical parapodia ; middle 
region of 5 segments, of which the first carries two large wing-like processes 
directed forwards (notopodia), the second carries a dorsal and ventral sucker 
(modified parapodia), the third, fourth, and fifth a membranous fin-like noto- 
podium — the fans, and a ventral bilobed neuropodium ; the posterior region 
consists of from 25 to 85 less modified, similar segments, with notopodiiiiu and 
bilobed neuropodium. 

Fam, 8. Magelonidae.f Body divisible into two regions by differences iu the 
setae. Prestomium large and fiat, two long peristomial cirri. Large eversible 
buccal region, blood of madder-pink colour when oxygenated, and colourless 
when deoxidized {kaemerythrin^ found also in Sipunculus) ; the colouring matter 
being contained in globules which float in the colourless plasma ; isolated nuclei 
are also found in the plasma. Live buried in sand. Solo genus, Magelona 
F. Mull. 

Fam. 4. The Ammocharidae may be placed hero. They livo in sandy tubes, 
and the mouth is surrounded, except vcntrally, by a membrane, which is frayed 
out marginally into filaments, and is probably an appendage of the peristomiuni. 
The anterior segments longer than the hinder ones. Sole genus Owenia D. Ch. 


Sub order 3. TEREBELLIFORMIA. 

The prestomium is a more or less prominent lobe (upper lip) with 
or without tentacles, but without palps. The peristomiuni may 
carry cirri or tentacular filaments. The parapodia are feebly de- 
veloped; there are no ventral cirri; the dorsal cirri may exist and 
function as gills on some of the segments. The setae are unjointed, 
and uncini are usually present. The buccal region is not eversible, 
and there are no jaws. The septa are usually incomplete, with the 
exception of one strongly-developed diaphragm anteriorly. The 
nephridia are dimorphic, those of the prediaphragmatic segments 
being of large size and excretory, w^hile the posterior nephridia are 
mere funnels which serve as generative ducts. They are burroivers 
or tube-formers, and in the majority the tube-forming glands are 
grouped on the ventral surface of the anterior segments, where 
they form gland-shields. 

* The number is variable ; specimens have been found with 12, or with 9 on 
one side and 8 on the other. 

t W. Benham, Q. J. M, S., 89, 1896, p. 1. 
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Fam. 1. Oirratulidae, Ojlindrical body pointed at both ends. Prestominm 
elongated, conical, without tentacles, or with two tentacles (tentaonlar cirri, 
Grube). Parapodia small, with simple setae. On some of the segments the 
dorsal cirri are long and filamentous, and function as gills. A single pair of 
anterior iiephridia ; the septa and genital ducts are repeated through the hinder 
part of tile body. Inhabit buiTows. Cirraiulus Lam. ; Audminia Qfg. ; ChoiAUh 
zone Malmg. ; Dodeeaceraea {Dodecaceria) Oerst. ; Hek<Uero(yranchus F. Buchanan* 
Fam. 2. Terebellidae. Body vermiform and thicker anteriorly. The 
thinner posterior por- 
tion is sometimes dis- 
tinctly marked off as 
an appendage devoid of 
setae. The prestomium, 
which is indistinctly 
separated from the 
peristomium, forms an 
upper lip and carries 
numerous filiform ten- 
tacles arranged in a 
transverse row ; it may 
have four eye spots. 

There are pectinate or 
branched, rarely fila- 
mentous, gills on one 
to three of the an- 
terior segments ; they 
contain a prolonga- 
tion of the coelom. 

Dorsal prominences 
(notopodia) with simple 
setae, and ventral 
transverse ridges (neu- 
ropodia) with hooked 
setae. One to three 
pairs of large nephridia. 

From three to twelve 
pairs of small nephridia 
(gen. ducts) behind the 
diaphragm. Tubi- Fio. 396.— TVrelwjWa nebulosa opened from the doml side (after 
colons, tube formed of Edwards). T tentacles ; K gills ; Dg dorsal vessel or heart, 

foreign bodies. 

Sub fam. 1. Amphitritinae, Almost always with gills ; cephalic lobe 
short, with numerous tentacles. Amphitrite 0. F. Mull., simple setae in 
anterior region only, 8 pairs of gills of nearly the same size, no eyes; 
A, johnstoni Ml mg. Terehella L. (Fig. 396), distinguished by the small 
size of the posterior of the three pairs of branchiae ; T. (Laniee) conchiUga 
Pall, English coast; Nicolea Mlmg., two pairs of equal gills; Hetenh 
terehella Qtf.; Thelepus Leuck. (inch Heteropheiuxcia Qtf., Phenacia Qtt, 
Neottis Mlmg., etc.), filiform gills in two segments; EuUheUpu$ Moint.; 
Leaena Mlmg.; Lananm Mlmg.; Loimia Mlmg.; Pisto Mlmg.; NiooUa 
Mlmg. 
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Sub-fam. 2. Polycirrinae. Without branchiae. The prestomium forms 
a large upper lip, and gives origin to many long tentacles. Polycirrus Gr. 
(including Leucariste Mlmg. ; Ereuiho Mling.); P. aurantiacus^ bright 
red, witli orange tentacles. 

Malmgren distinguishes 3 other sub-families, AttsanAceM^ Trichobranchidae, 
Canephoridae {TerebellideSy Sara.). 

Fam. 8. Ampharetidae. 3ody formed of two regions, of which the anterior 
is broad and bears simple setae and hooks, while the posterior part is narrow 
and has only hooks. Numerous filiform tentacles spring from the prestomium. 
The peristomium forms a kind of lower lip. Four filiform branchiae are placed 
on each side of the anterior segments, and in front of them are some strong 
setae. Inhabit tubes in mud. Ampharete Mlmg. ; Amphicieis Gr. {Lysippe^ 
Sosane Mlmg.); Sabellides Gr. ; Melinna Mlmg. ; MelinnopsiSy Meint. ; Phyllo* 
Ctymus Gr. ; OrvManella MeInt. ; Samytkopsis MeInt. ; Eusamyiha M( Jut. 

Fam. 4. Amphietenidae. Distinguished from Terehellidae mainly by the 
presence of tentacles disposed in two bundles on the buccal ring, of two pairs 
of tentacular cirri and of pectinated branchiae on the second and third 
segments. The anterior end bears two rows of golden setae, which act as an 
operculum to the tube. The tubes are straight or slightly curved, and composed 
of small grains of sand. Peciiiwria Lam. ; Amphictene Sav. ; Pella Mlmg. 


SulHiider 4. OAPITELLIFOEMIA. 

Blood-red worms, with a conical prestomium. Without prostomial 
processes, but with a pair of large retractile ciliated organs. The 
segment next the prestomium is without setae or cirri. Tlie parai>odia 
do not project; the setae are unjointed, and are hair-like in the 
anterior segments, and hooked posteriorly. This external division 
of the body does not correspond with internal differences. There are 
no cirri, though special, sometimes retractile, gills arc frequently 
present. The buccal region is eversible ; there is no armed pharynx. 
A pair of prominences with sensory hairs, placed one on each side, 
in most segments. The nephridia are small, and sometimes more 
than one pair in a segment ; special genital funnels exist in more or 
fewer of the anterior segments of tlie hind body. There are no 
blood-vessels; the coelomic corj^uscles are red. The larvae are 
telotrochous, and are ciliated on the ventral surface. They are 
burrowers. 

Fam. Capitellidae,* with characters of sub-order. Capitella Blainv. ; (7. 
capitata v. Ben., North Sea, etc.; Notomaslus Sars; Dasybranchus Grube; 
Mc^ohtanchm Eisig ; Oupilonnasixis Eisig. 

• H. Eisig, “Die Capitellideu,’' Fauxm aud Flora d, G, r. Ncapel^ xvi., 1887. 
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Sub-order 6. SOOLEOIPORMIA. 

AVith a prestomiura which rarely 
{Chlorhaemidae) carries sensory pro- 
ci'sses; the peristomium is without 
cirri (except perhaps in the Chlor- 
haemidae). The parapodia are re- 
duced, and may be absent; dorsal 
cirri (acting as gills) are rarely 
present ; ventral cirri ar© absent 
S<5tao unjcjinted ; uncini are not 
present. Buccal region eversible — 
Avithout armed pharynx. The septa 
are not developed rcgularl}' ; the 
nophridiaj which are all alike, are 
considerably reduced in number, it 
may be to a single pair (Sternasjpidac 
and some Chlorhaemidae). Mostly 
burrowers. 

This is the most unsatisfactory of 
Benham’s sub-orders. Its merit is that 
it comprises a number of families which 
cannot be placed with any of the other 
sub-ordei s. 

Fam. !• Opheliidae. Short worms; 
prestomium conical, without appendages, 
but with two ciliated pits. Parapodia 
reduced, with simple setae in two groups. 
Dorsal cirri acting as gills, or reduced, 
usually present. They live in the sand. 
Ophelia Sav. ; Ammotrypane Kathke ; 
TravUia Johnst.; Armandia Fil.; Poly- 
ophihalmus Qtf., without gills, eye -like 
pigment spots on the sides of some of the 
segments ; circular muscles absent ; oeso- 
phageal commissures and ventral cords in 
contact with the ectoderm ; septa absent, 
except three in front. 

Fam. 2. Xaldanidae* (Clymenidae). 
Body cylindrical, divided into two or 
three regions. The segments towards 
the middle of the body may be longer 
than the rest. Prestomium small, fused 
with peristomium ; often with eye spots. 

* St. Joseph, Ann. Sd. Not. (7), 17, 
1894, p. 130. 



Fxo. 3^. Arenicola pisccUonm, dorsal 
view. A anterior reffion, comprising 
six segments; B middle or branchial 
region, with thirteen sernnents; C tail 
region of variable length, a eversible 
buccal region; h, e notoj^la with 
bundles of setae; d gills. (From Vogt 
and Tung.) 
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A horny plate may be developed on upper side of head. Anus usually 
surrounded by a papillated funnel. Tentacles and brancliiae absent. Noto- 
podium small with simple or pinnate setae, absent posteriorly; neuropodiuni 
as transverse ridge with hooked setae, absent in anterior region. Inhabit long, 
sandy tubes. Mitraria is a clymenid larva. Clyinene Sav., head with plate; 
C. luinbrimdeB Qtf. ; Fraxilla Mlmg ; Lciocephalus Qtf. ; Maldane Gr., head 
without plate ; Mcomache Mlmg. ; Axiothea Mlmg. ; Lciochone Gr. ; Pctalo- 
proetus Qtf. 

Fam. 3. Arenicolidae (Telethusidae). Prestomiiim small, without tentacles, 
fused with peristomium. Peristomium without setae ; eversihle buccal region 

covered with papillae, 
without jaws. Notoi>odia 
small, with a bundle of 
simple setae ; neuropoflia 
with hooks in rows. 
Branched gills on middle 
segments. Posterior seg- 
ments without parajwdia 
and gills. Burrow in 
sand. Arenicola Leach ; 
A, marina^ L. (A, pis- 
catorum Lam.). North 
Sea and Mediterranean. 
Lob- or lug- worm. Length, 
5-6 inches (Naples speci- 
mens smaller), colour, 
brownish green. The bur- 
rows are U -shaped, one 
opening being marked by 
a heap of vermicular, 
sandy ejecta. Body 
divided into three regions ; 
an anterior thicker than 
the rest, consisting of the 
peristomium and 6 chacti- 
ferous segments ; a middle, 
not so thick, of 13 chaeti- 
ferous and branchiferous ; 
a posterior much thinner 
and devoid of setae and 
branchiae, with segments 
less clearly marked and 
variable in number. In 
the anterior and middle 
region of the body there 
are 3 coelomic septa, the Ist behind the peristomium, the 2nd between the 
2nd and 8rd setigerous segments, and the 3rd between the drd and 4th 
setigerous segments. In the caudal regions the coelomic septa are segmental. 
There are 6 pairs of nephridia in segments 4-9. 

♦ Vo^ and Yung, Fraktische Fergh AncU., Bd. 1, 1888, p. 487* 



Fio. 898.— Anterior end of Arenic(^ opened from the dorsal 
side, a anterior small chamber of the coelom ; b, d, and / 
first, second, and third septa ; o and e second and third 
chambers ; g papillae of proboscis ; A oesophagus ; i gut ; 
h gland ; I nerve cord ; m setigerous sacs ; n nephridia ; 
0 anterior glands ; p heart ; q dorsal vessel ; r vesicles of 
nephridia. (From Vogt and Yung ) 
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Fam. 4. Scalibregmldae.* Scalibregma Rathke; Eumenia Oerst; Sclero^ 
cheilus Gr,; Lipobranehius Cunn. and Ram. 

Fam. 5. ^lorhacmidaet (Pkerusidaa). Elongated cylindrical body with green 
blood (due to chlorocruorin). Prcstomium with a pair of long processes (? palps) 
and several green tentacles arranged in a transverse row and acting as gills. 
Peristomium achaetous. The head can be withdrawn into the body. The setae 
of the anterior segments are long and directed forwards. Skin papillated. Only 
one or two coelomic septa, and two or four nephridia. Flabelligcra Sars {Siphon- 
ostorm Voigt; Chlorhaema Duj.); F. affinis Sara, transparent body-wall, skin 
with long papillae, which traverse a thick jelly-like envelope secreted by it, 
under stones at low tide ; Trophonia M. -Edw, 

(Pherusa Blv.) ; Brada Stimp.; Buskiella Mclnt.; 

Stylarioides D. Ch. 

Fam. 6 . Stemaspidae.J: Body short, ante- 
rior region thickened and carrying on each 
side 3 rows of setae; on the ventral surface 
of the hind end there is a bilobed horny plate, 
round the edges of which are placed a number 
of bundles of long setae. Mouth overhung by 
a small knob-like prestomium ; anus on a 
l>apilla dorsal to the horny shield. Two 
bundles of filamentous branchiae just anterior 
to, and on each side of the anus on the dorsal 
surface. About 30 segments ; segments 2, 3, 4 
have a row of strong setae on each side, seg- 
ments 5, 6, 7 are without setae, segments 8-16 
have setae which do not pierce the cuticle ; 
the remaining segments are marked by the 
bundles of long setae round the horny plate. 

Coelomic septa absent ; alimentary canal coiled ; 
one pair of nephridia attached to the skin between 
segments 6 and 7, and opening intemally. Pro- 
jecting externally between segments 8 and 9 on 
the ventral surface are two processes which con- 
tain the terminal parts of the generative ducte. 

The generative organ is a sac which communicates 
with the visceral coelom by a narrow canal ; the 
walls of the sac are continued into the two gener- 
ative ducts. Stemaspis Otto, S, sculcUa Banzani, 

Mediterranean. 

* Levinseu, SyU, gcog. Overs, over, de Nord, Annul {Vidensk, MeddeUer) for 
1883, Copenhague, 1884, p. 130. 

t E. Grubc, '‘Mitth. iiber d. Fam. Chlorhaemiden,” Sitz, her, d, Schlesischen 
Oescllschaftf Breslau, 1876. 

t Vejdovsky, Akad, Wien, 43, 1882. Rietsch, Ann, Sci, Nat, (6), 
13, 1882. Goodrich, Q, J, M, S,, 40, p. 233. 



Fio. SOO.StemaspU scuiata^ ven« 
tral view x 2 (after Vejdov- 
sky). The segments in front 
of the shield are numbered 
1>XV. K branchial filaments ; 
Ir processes containing the 
generative ducts; m mouth; 
rh, $b, eb, setae of homy shield ; 
vb rows of setae on segments 
//, III, ir. 
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Branch B. CRYPTOCEPHALA. 

Prestomium more or less hidden by the peristomium which grows 
forward. The tentacles are reduced^ hut the palps are greatly developed 
and subdivided^ forming the crown of gills. The body is distinguish- 
able into two regions — the thorax and abdomen characterized by the 
form and arrangement of the setae, and by certain internal differences. 

Suborder 1. SABELLIFOBMIA. 

Piestomium entirely hidden by the forward extension of the 
peristomium ; tentacles very small, being often represented by small 
knobs of sense-cells ; palps large and vascular, acting as respiratory 
and sensory organs. Peristomium without cirri or setae; it is 
usually raised into a projecting collar used in fashioning ttie lip of 
the tube. The parapodia are small ; cirri are absent except in the 
Serptdidae. The setae are of two kinds — hair-like and uncini; by 
their arrangement the body is divided into a thorax, typically of 
nine segments, and into an abdomen; in the thorax the hair setae 
are dorsal, in the abdomen ventral. The buccal region is not 
eversible; there is no pharynx. Septa absent in thorax, present 
in abdomen. There are two large nephridia in the thorax, opening 
by a median dorsal pore just above the brain ; while the nephridia 
of the abdomen are small funnels which act as generative ducts. 
Tubicolous; gland-shields ar^ present on the thoracic segments. 
Some genera are hermaphrodite. 

Fam. 1. Sabellidae* (including Eriographidae and Amphicorinidm). Tube 
formed of mucin of variable consistence and more or less transparent, covered or 
not with mud, sand, or pieces of shells. Without thoracic membrane and 
operculum. Branchial filaments usually arise from a semicircular base. The 
ventral gland-shields are continued on to the abdomen. A median ciliated 
groove, usually situated on the ventral surface (it sometimes bends to one side 
on reaching the thorax, and may extend forwards on the dorsal surface to the 
head), starts from the anus and conducts the faecal matters to the opening of 
the tube. The species are highly variable ; the individuals of the same species 
often vary in the following featiues; colour, number of branchiae, form of 
collar, number of thoracic segments, number and position of eyes and otocysts. 

Spirographis Viv., the basal lamella of the gill filaments describes several 
turns in spiral The branchiae of the two sides are of unequal size ; Sp. 
spallanzanii Viv., Naples ; Bispira Kr. Like preceding, except the two 
branchiae are equal Sahtlla L., gill-filaments arise from a semicircular base, gills 
equal, two filamentous dorsally-placed lip-processes (found in other Sabellids: 
they are not tentacles) ; 8. pavonina Sav. ; Potamilla Mgr. ; Hypskomm Gr. ; 
Potamis Ehlers ; Branchiomma KolL, with a compound eye close to the tip 

* St. Joseph, Ann Sci. Nat. (7), 17, 1894, p. 243. 



HERMELUFORMIA. 


491 


of each gill-filament; Prolulides Webat; Dasj/chone Sara, gill -filaments with 
dorsal appendices, bombyx Dal., with compound eyes at the l>ase of the dorsal 
appendices of the gills; Lamonu Mgr.; Notaulax Tauber; SabelUutarte Kr.; 
Ev/roUo St, Jos.*, Haplobranchus A. G. Bourne, estuarine; Maruiyunkia Leidy, 
fresh-water ; Cdohangia Giard, fresh-water, anus ventral and anterior ; Fahrida 
Blv.; Othonia Johnst. ; Amphicora Ehr., with two eyes on the last segment; 
Orta Qtf. ; Jasmineira Lang ; Myxicola Koch (EriographU Gr. ; Arippam Johnst), 
gill -filaments connected by a membrane which reaches nearly to their tips ; 
Chone Krbyer ; Euchom Mgr. ; DialycJione Clp. 

Fam. 2. Serpulidae.* Tube formed of mucine indurated with calcareous 
matter. Almost always with thoracic membrane and operculum. Without a 
ciliated groove, but the ventral surface (and sometimes the dorsal) is in part 
ciliated. The thoracic membrane is formed by the fusion of the dorsal and 
ventral cirri of the thoracic segments. The operculum consist of a terminal 
dilatation of one of the branchial filaments. Serpula L. ; sub-genera Hydroides 
Gunn. {Eujxmatus Phil.; Eucarphus Mbrch,; Polyphragvia Qtf.), and Crucigera 
Benedict. ; Protis Ehl. ; ChUinepoma Lev. ; Filograna Okeu, two or several oper- 
oula ; Salmacina Olp., no operculum ; Spirorbis Daudin (Fig. 400), operculum 
grooved on one side, serving as 
brood pouch ; Pileolaria Clp. ; 

Janua St. Joseph ; Ompha- 
lopoma Mbrch ; CirceiSt Ompha- 
lopamopsiSi Janitay Leodoray 
Mera^ EyalopovfUitopsMy all St. 

Jos. ; Vermilia Lmk., etc. ; 

Pomaioceros Phil.; Spiro- 
hranchtis Blv. ; Poinalostcgus 
Schm.; Plaeostegus Phil.; 

Protula Risso ; (Psygmobranchiis 
Phil. ), no operculum ; AponuUus 
Phil. 

Sub-order 2, 

HEBMELLIFOBHIA. 

The peristomium is 
enormously developed, and 
forms a bilobed hood 
capable of closing over the 
mouth; the truncated free 
end of each lobe carries 
three semicircles of peculiar 
setae, which act as a protec- 
tion when the worm is 
withdrawn into its tube. 

The prestomium is small, 
but possesses a pair of well- 

* St. Joseph, Ann. Sd. Nat, (7), 17, p. 259. 



Fio. 4Q0.~Spirorbis UievU (after CUparMe). a, the 
aiiinif 1 removed from its tube, strongly magnified ; 
b, its tube. T tentacles ; B* brood pouch, with 
operculum ; Dr glands ; Ov ova ; Oe oesophagus ; 
M stomach ; D intestine. 
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developed tentacles; the palps, which are subdivided as in he 
SdbeUifcrmia^ have become fused with the ventral edges of the 
peristomium, and appear as a series of ridges on each side, carrying 
numerous filaments. The thorax consists of five segments, the 
notopodia of three of which are well developed, and bear strong 
setae; dorsal cirri are present along the greater part of the body, 
and act as gills. The worms form tubes of sand. 

Fam. Hermellidae. SaJbellaria Lam. {Hermella Sav. ). 



Ffo. 401.«-Diagnimmatic flgnre leptfsenting the orgonisatfon of Myzo$t<ma (after v. Gi'afT, 
from Purler), B mouth ; cJ, cW marginal cJrrl; cl cloaca ; R stomach ; i branches of the 
tnteatlM ; N ventral nervous system ; o coelom lllled with ova ; pi, p5 parapodia ; yh 
pharynx ; R racttun ; t testis ; « female generative opening ; v suckers ; $ male opening. 

MTZOSTOMIBA.* 

The Mywiomiday though difieritig in many respects from the Polychaeta, 
may most oonveuiently be treated in an appendix to that group. There are 
two genera, Myzostoma Leuckart, and Stelechopus (parasitic on Eyocrinua) 
von CIraff. They are all parasitic on Crinoids, external for the most part 

* T. Graff., “Myzostomida/* Challenger RepertSy vol. x., 1884, and Supplement, 
roL 20, 1887, Wheeler, Naples MiUk.y 12, 1896, p. 227. 
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(J/. pnlvimr v. Gr., lives in the intestine). Tlioj infest the disc and arms, 
and may be free or enclosed in globular cysts. 

They possess a soft and ciliated skin ; five pairs of ventrally placed parapodia 
(Fig. 401), each of which bears a hooked seta and an aoicnlum ; four pairs of 
laterally placed suckers ; and ten or more pairs of okri placed on the margin of 
the body. 

Tlie alimentary canal consists of a protrusible pharynx, a stomach which 
gives off the radially arranged caeca, and a rectum. The mouth is anterior 
and ventral, and the anus posterior And ven- 
tral (except in a few species in which one or 
both openings may be dorsal). 

The nervous system consists of a nerve ring 
surrounding the pharynx, slightly enlarged 
dorsally, and ventrally continued into a large 
ganglionic mass (Fig. 401), which represents 
the ventral cords. 

The animals are hermaphrodite and protan- 
drous, the testes maturing before the ovaries. 

The testes are branched glands on each side, 
and lead into two ducts which open laterally, 
one on each side, just external to tlie third 
parapodium. 

The ovaries are two small patches of ooeloraic 
epithelium, and tlio eggs are dehisced into the 
coelom, which they Hll. From the coelom a 
tube — tbe oviduct— passes florsal to the rectum, 
and opens either into the latter, or by a median 
pore just dorsal to the anus. 

There are two nephridia, opening with cili- 
ated funnels into the coelom and into the 
rectum behind. 


Oixier 2. Oligochaeta.* 

Herviaphraliie Chaetopoda icithout 
pharynijeal arTnature and parapodia. 

Without teritades and cirrif rarely with 
branchiae. Oonada limited in number^ 
and restricted in position. The develop- 
ment is direct. 

The Ohgocha^ta comprise certain small, q a, the whole worm ; 

and for the most part fresh-water worms, Clclitellam. &, the anterior end 

nom the ventml side, e, Isolated 

and all the worms known as earthworms, seu 

♦ E. Clanar^e, RicheriduB Anaiemi^pia sur lea OligochaeUa^'* Geneva, 1862. 
F. VejdovsKv, System u. Morphologie der OligockaeteH, Prag, 1884. W. B. 
Benham, ‘•An attempt to chasifj Earthworms,” Q. J. M. S.^ voL 81, 1890. 
F. E. Beddard, ** A Monograph gf the Oligochaeta^^ Oxford, 1896, which see for 
literature. 
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which are sometimes of considerable size, even reaching n' length 
of from four to six feet {Mierochaeta rqppi; Meyaseolides australis). 
The setae are, as a inilc, few in number, and are not set in parapodia. 
The head* consists of a prestomium, wliich is . sometimes much elon- 
gated {Nats laeustris), and is generally marked off from the oral 
segment (peristomium), or first segment of the body, by a groove. 
The oral segment is always without setae, and is never reinforced 
by the fusion with it of posterior body segments. There are no 
cephalic appendages either on the pre- or peristomium. The seg- 
mentation of the body is always well marked externally by circular 
grooves,* and the coelomic septa are always present. The segments 
are all alike, and are not divided into regions, though some of the 




Fio. 408. —Setae of Oligochaeta (after Vejdovaky, Stoic, and Michaelson, from Beddard>. /, 
Onyckockaeta windleif posterior seta, t, ornamented seta of Geoscolecid. 5, Trichochaeta 
h€$ptridum; Sb, eud of same more highly magnified. 


segments behind the peristomium are occasionally devoid of setae. 
The gona^ls are localized thickenings of the coelomic epithelium, 
and special genemtive ducts are present to convey their products to 
the exterior. There is always present a glandular development of 
the ectoderm, generally having a marked annular form and called 
the ditellum or girdle: it secretes the cocoon in which the eggs 
are laid. 

Considering the great constancy presented by the Oligochaeta 
in the arrangement and structure of many important organs, e,g, 

* In some species of Lu^nbrieus a curious modification of the metamerism, 
called spiral metamerism, has been observed as a variation. The grooves between 
the segments in such cases have a spiral course {Vide Bates on MaUriaU for 
the Study ef Variatianf* p. 157, London, 1894). 
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ihe body-form, the Tentral nervous system, etc., the variations 
in structure in the excretory and generative organs are most 
remarkable. 

The setae are small chitinous rods projecting from the body-wall. 
Their lower ends are embedded in small ectodermal pits, the cells 
of which secrete them. They are absent in the DiseodrUidae and 
in the genus Anachaeta, otherwise they are present to the number of 
eight or a larger number on most of the segments. When there 
are eight they are usually arranged in four groups of two on the 
ventral side, but the number and arrangement presents great variety, 
and in some forms (Perichaetidae) there is a continuous circle of 
them round each segment (Fig. 411). The usual form of seta is 
that of an^ but they vary somewhat, os is shown by the accompanying 



Fio. 404.— 7, Sf Penfal setae of Acanthodrilus georgianus, 5, Spirospema ftrox, 4, Ilyodrilus 
coccineus, Lophochaeta ignota, Tubi/ex riimlorum, 7, 8, Xais. 9, BoKemiUa ecmata. 
(Prom Beddard.) 


diagrams. The setae are retractile and protractile by special muscles 
attached to the walls of the setigerous sacs (Fig. 406). They are 
organs which assist in locomotion. 

Branchiae are found in a few forms, e.g. (MaeiobraTichus semperif 
Branchiura Sowerbyi, and Ilespet^odriltis branchiaitts. 

The body-wall consists of a cuticle, a layer of ectoderm, an outer 
circular and an inner longitudinal muscular layer. The ectoderm 
consists of cells, many of which are glandular. It also contains 
tactile sense organs in the form of papillae, and organs which resemble 
taste-buds; and in the aquatic forms many of the ectoderm cells 
carry sensory hairs. The gland-cells are especially well-developed in 
the clitellum. 



496 


ANNELIDA. 


The muscles are construoted upon the nematode type the contractile 

substance partially surrounds 
the unmodified nucleated pro- 
toplasm (Fig. ^406, B, C). 

In the earthworms, however, 
the longitudinal muscular layer 
presents an appearance, which 
it is difficult to interpret 
In transverse section they 
appear to consist of a num- 
ber of lamellae placed like 
the barbs of a feather upon a 
central axis, the whole structure 
being placed in a connective 
substance with nuclei (Fig. 
406, B), The explanation 
appears to be that we have to 
do in such cases with a folded 
layer of longitudinal muscles; 
each lamella consisting of a 
muscle -cell, from which the 
granular unmodified protoplasm 
and nucleus has disappeared 
(inde Hesse, f. w, 68, 
1894, p. 894). 

The central nenrons system is on the usual Annelidan type, 
consisting of two ventral cords closely approximated and enclosed 
in a common sheath. They are swollen 
in each segment where the main nerves 
are given off, and in front they separate 
from one another and embrace the 
anterior end of the alimentary canal, 
to be continuous with one another 
dorsally. At this dorsal point there is 
generally a bilobed swelling which con- 
stitutes the cerebral or suprapharyngeal 
ganglia, from which the nerves to the 
prestomium are given ojBf. The first 
ventral swelling is where the circum- 
pharyngeal commissures join to form 
the ventral cord, and constitutes the 
sub-pharyngeal ganglion. It gives oflf 
a large number of nerves to the 
periatomium. In some forms a few 
large, longitudinal fibres resembling 



D 


Fio. 406.— A-C, sections through the 
circular raoscle-cells of Alldobo* 
pkora chlorotica ; D, section through 
the longitudinal muscular layer of 
a young earthworm ; p coelomio 
epithelium. (After Hesse.) 



Fio. 406.— Section of the body-wall of AlUMxyphora 
(Dendrcbaena) rubida in the neighbourhood of a seta. 
d glandular cells on each side of the seta; epi- 
dermal oella; t tactile oigani; q circular muscles 
with pigment p ; b seta ; b/ aetlgerous sao ; fi its 
muscles. (From Perrier, after V^dovaky.) 
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tulles, run along the dorsal side of the conjoined nerve cords in the 
neurilemma. They are called the giant fibres, and are probably largo 
medullated nerve fibres. A number of visceral nerves are given off 
by the circumpharyngeal commissures to the pharynx and constitute 
the visceral system. 

Eye-spots are present in a few of the aquatic forms, but they are 
absent in the terrestrial forms ; in spite of this fact the earthworms 
appear to be able to distinguish light from darkness. There appears 
to be no auditory sense. 

The alimentary canal is ofteh divided into several regions, the rela- 
tions of which are most complicated in the Terricola^. In Lumhrieus 
the buccal cavity leads into a muscular pharynx, which is probably 
used for sucking. This is followed by a long oesophagus extending 
into about the fourteenth segment, and furnished with a thick layer of 
glandular cells, and several dilated glandular appendages, the calmreom 
glands. The oesophagus is dilated behind into a crop which leads into 
a muscular gizzard. The gizzard (double in Moniligastridae and Ben- 
Jiamia) has muscular walls and a chitinous lining, and it often contains 
small stones ; it leads into the straight intestine, the dorsal wall of 
which is pushed inwards so as to form a longitudinal fold, the 
typhlosole (comparable to a spiral valve). The intestine is dilated in 
each segment' and opens at the hind end by a terminal anus. In 
the Limicolae the alimentary canal is simpler by the absence of a 
gizzard ; a pharynx and oesophagus however are always present. 

The vascular system is a closed system of tubes containing a red 
fluid, in which colourless corpuscles float. The i*ed (yellow in thin 
layera) colour is due to haemoglobin in solution in the plasma. 
Although in solution, the haemoglobin does not appear to diffuse 
through into the tissues or body spaces, the fluids of which are 
colourless. The principal blood vessels are (1) a longitudinal dorsal 
vessel, contractile from behind forwards ; (2) a vential subintestinal 
vessel also longitudinal, but noncontractile, and sometimes (3) a 
subneural longitudinal vessel beneath the nerve-cord. These longi- 
tudinal vessels give off lateral branches all along their course, which 
themselves branch in the skin, nephridia, and other organs. In 
some of the anterior segments there is a single pair of dilated lateral 
vessels, which pass round the gut and open into the subintestinal 
vessel : these are the so-called hearts^ and are contractile from above 
downwards. The dorsal vessel is sometimes double, either wholly or 
in j)art. In some forms there appeam to be a perienteric blood-sinus 
in the intestinal wall, from which the dorsal vessel arises. 
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In the lower Oligochaeta the walls of even the large vessels 
consist merely of a thin, apparently structureless, membrane, with 
here and there a nucleus. In the contractile vessels the contractility 
would appear to reside in this membrane. In the higher forms the 
large vessels possess muscular fibres in their walls, and an epitheloid 
lining. 

The coelom is spacious, and is always divided by transverse 
segmental septa into chambers, which communicate usually above 
the nerve-cord. It contains a colourless fluid with amoeboid cells, 
and communicates with the exterior through three sets of aper- 
tures — the nephridia, the generative ducts, and the dorsal pores. 
The dorsal pores are present, one in each segment, in many Teirieolae, 
but in the Limieolae are confined to one, in the prestomium. They 
are usually placed intersegmentally over the septa. Their function 
is unknown, but in some worms fluid has been seen to exude 
from them. 

The lining, of the coelom consists mainly of a flat epithelium, but 
on some parts'of the alimentary canal it has the form of large, yellow 
cells— the so-called yellow or chloragogen cells — ^which are loaded 
with pigment grains. These cells are probably excretory in function, 
and allow their contents to escape into the bgdy-cavity, and to pass 
thence to the exterior trough tiie nephridia. The coelom is sub- 
divided, as stated above, by the transverse septa, and in certain forms 
{Libyodrtlus, Branchiurf^ there are obliquely placed sheets shutting 
off a lateral, parapodial-ltke section of it, as in some Polychaets. 
Further, portions of the coelom are sometimes shut off from the 
rest in connection with the generative organs (see below). There 
is no longitudinal dorso-ventrol mesentery (except in Oi'iodrilita), but 
traces of the ventral mesentery are sometimes left. 

Sometimes certain of the larger blood vessels are enclosed in 
perihaemal spaces. Whether or not these are coelomic is unknown. 

Nephridia are absent from a certain number of the anterior 
aliments ; and in the Limieolae the generative segments are without 
tiiem in the breeding seasom They are of two kinds: (1) the 
megan^riCf pr ordinary kind, such as is found in the Limieolae 
and in many of tire Terricolae, and (2) the pteetonephric or diffitse 
variety, found in some members of the families Perichaetidaef 
Orfiptodrilidae, and Acanthodrtiidae. The two ^inds may co-exist 
in the same animal, and even in the same segment {M^asedidee). 

In LumMeus we find the condition. The nephridia, 

of which there is a single pair in each segment, consist of a long 
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winding tube, in which the following regions can be distinguished 


(Fig. 407): (1) the preseptal 
portion consisting of the coelomic 
funnel and a short tube (a), lead- 
ing bock to the septum which it 
perforates, to become continuous 
with (2) the rest of the nephrid- 
ium, which lies in the segment 
behind. This postseptal part 
presents the following regions: 
(6) the narrow tube of consider- 
able length and thin wall ; parts 
of it are ciliated : (c) the middle 
tvhe which is short and confined 
to the length of one loop only ; 
the middle tube is ciliated: {<X) 
the wide iuhe^ which is long, 
non-ciliated, and opens into a 
short, dilated, muscular - walled 
portion — the muscular duct which 
opens to the exterior through the 
ventral body-wall. The whole 
nephridium, except the muscular 
duct and the funnel, consists of 
the so-called perforated or drain- 
pipe cells. 

In the Ldmicolae the nephrid- 
ium is generaUy simpler, consisting 



Fio. 407.— Nephriillum of Lumbricu$ (from 
Vogt and Yung, after Gegenbaur). a funnel 
and preseptal portion ; b the narrow tube ; 
e the middle tube ; d the wide tube ; e the 
muscular duct. 



Fta. 406.— Section through a loop of the nephridium of 
Ineibrisiis (after Clapartde, (torn Vogt and Yung), showing 
the perforated eellolar character; a nuclei; h lumen; e 
blood vessel; d oonatetive tissue. 


of the fnnnel (pre- 
scptal) and a long 
coiled duct, passing 
through a protoplas- 
mic tube or mass in 
which cell limits are 
not always discernible 
(Fig. 409), and lead- 
ing to the wider ter- 
minal part. 

As a rule there 
ia only one pair of 
nephridia in each 
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Fio. 409.^Kei)hridiatn of Poniodrilus (after 
E. Terrier), pv nephroetome ; o dilated 
part (vesicle) near the external opening; 
tv the tube of the nephridium passing 
through the nucleated protoplasmic mass u. 

different places. This 
difference in position 
of the opening may 
be accompanied by a 
difference in struc- 
ture, e.g. in Acantho- 
drilus Tuyvae-zealan^ 
diae the nephridia 
which open in front 
of the ventral setae 
have a caecal appen- 
dage, while those 
which open in front 
of the dorsal setae 
are without this 
appendage. 

The plectcm^phric 
or diffuse nephridia 
are networks of fine 
tubes lying on the 
body-wall and septa 
in each segment 
(Figs. 410, 411). 

They have several 
openings to the ex- 
terior, and they some- 


segment, but in Brarhydrilus 
there are two pairs, and in 
Trinephh'us three. The neph- 
ridia always extend over two 
segments, the internal opening 
being in the segment anterior to 
that in which the main part of 
the nephridium lies. 

The external opening is usually 
near the setae of the ventral row, 
but sometimes it is near the setae 
of the dorsal row, and even dorsal 
to these; and nephridia in suc- 
cessive segments may open in 



Fio. 41C —The dilftise or plectonephric nephridi* of Oligrchaeta. 
i, iwrt'oii of a transverse section at the level of the setse of 
Octochaetu$ mulHpow$, 8 setae ; a, nephridial pores ; n 
nerve cord ; p peritoneum, f, section across a nephridial tube 
of Perichaeta atpergillvm passing through the wall of the Ixxly. 
ep epidennis ; m layer of circular, m' of longitudinal muscles 
(the lines mark the inner limits of these layers) ; a nephridial 
tube with its vesicle in the layer of circular muscles; b blood 
vessel. (From Perrier, after Beddard.) 
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times open into the coelom {Perithaeta^ and in OctodiMtn$ in the 
case of the nephridia which open into the rectum), and sometimes 


they do not (Octo- 
chaetusy Megasco- 
tides). Thecoelomic 
openings when pre- 
sent are numerous, 
but whether they 
have any numerical 
relation to the ex- 
ternal openings is 
not clear from the 
published accounts. 
Nor is it clear 
whether we are to 
look upon the plec- 
tonephric condition 
as being due to 
the presence of 
numerous small 
nephridia in a seg- 
ment which have 



p doml pore; o external openings of nephridia: i intestine ; $ 
setae ; vv ventral blood vessel ; n nerve cord ; r nephridial net- 


work ; vd dorsal blood vessel. 


become connected together, or whether they are derived from the 
modification of a single pair of nephridia. However this may be, it 
appears certain that the plectonephric condition is preceded in the 
embryo by a stage in which there is only one pair of ordinary 
nephridia in each segment. It is supposed that the adult condition 
in such forms has arisen by the multiplication of the original simple 
tubes. The diffuse nephridia may be the only kind of nephridia 
present; or they may coexist in the same segment with meganephridia 
(Perichaeta armata^ etc.); or meganephridia may be present in one 
part of the body, and plectonephric nephridia in another part, the 
two conditions gradually passing into one another; e.g. in Megas- 
colides australis there are plectoiiephridia without internal funnels 
in the anterior segments, an intermediate condition in the middle 
segments, while in the posterior segments the nephridia are mega- 
nephric and possess coelomic funnels. It appears that in some cases 
the nephridial network is continuous from segment to segment. 

Ill some Oligocholia the external opening of a certain number of 
nephridia is into the alimentary canal. This is the case in the 
Enchytraeidae^ Octochaehis muUiporus^ species of Bhinodnlus^Acantho- 
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drilus, Meffoseolides^ etc., in which the salivary glands are supposed 
to be modified nephridia, and in Octochaetus mvltiporus there are 
nephridia in the posterior segments, which open both to tlie exterior 
and into the rectal part of the gut, as well as internally into the 
coelom (recalling the respiratory trees of Gephyrea)y see p. 630. 

In the EudrUidaey which have paired meganephridia, the ducts 
of the nephridia branch in the body-wall, and form a network which 
has several openings to the exterior. 

The nephridia are developed from certain structures in the embryo called 
pronephridia. These are small cellular aggregations attached to the septa, one 
pair in each segment, except in front The first pair constitutes the head-kidney : 
they open on the head, sometimes on the dorsal surface by the head pore 
{Lumhrieu$)y and occupy two or three segments. They may persist or disappear. 
In the hinder segments they are at first straight rows of celis ending anteriorly 
on the septum in a flame-cell with a vacuole containing a fiaine-shaiied flagellum 
{BhyncJulmis), This large terminal cell eventually divides up, loses its flagellum, 
and forms the ciliated coelomic opening. 

As stated above, the plectonephrio condition is preceded by a stage with one 
pair of pronephridia in the segment. 

In Megcueolides australis the pronephridia in the anterior part of the body 
give off loops, which become disconnected, so as to form several separate nephridia, 
of which one retains the coelomic opening, and forms the large nephridiuni of 
the segment 

Ctenerative organs. The Oligochaeta are all hermaphrodite. The 

position of the 
gonads varies in the 
Limtcolae ; but it 
is fairly constant in 
the Terrtcolaey there 
being in tliis group 
usually (Fig. 412) 
two pairs of testes 
placed in segments 
10 and 11 respec- 
tively, and one pair 
of ovaries in seg- 
ment 13 (except 
in the Maniiigas- 
tridae). 

When there is only 
one pair of testes, it 
is in 10 in Typhasusy 
in 11 in Dmchaeia 
and EiidriloideSy and 



T iMtM la X and XJ; St the two sperm-roeettes (funnels of 
vas defcrens); Td vas deferens; Ov ovarj; Od oviduct; 
tU rsceptacuU seroiiiis One half of the sperm-reservoir and 
the sperm sacs of oae side have been removed. 
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in 12 in PonltMoltx and QeotcoUx. In Braehyirilui the orariea are said to be in 
12, but this is doubtful. 

The reproductive glands are definitely localised thickenings of the 
coelomic epithelium, and are placed upon the posterior faces of certain 
septa. The part of the body-cavity in which the testes lie may, in 
some Terrieolae^ be cut off from the rest by a development of the 
septa which forms the median part of the vesicula seminalis or 
sperm reservoir (Figs. 412, 413). 

The venculae geminales or sperm sacs are developments of the 
septa of the testes segments. They ate paired structures in Tari- 
eolae, and unpaired in most Limiedae. They communicate with the 
coelom, but in many Terricolae the part of the coelom into which they 
open is, as stated above, cut off from the rest by a membrane which 



Fio. 4l8.'-BtagTam of a longitudinal *iection through the generativo segments of LumhriiMi 
htpcukiu to show the relation of the geoeratiTe ducts and sperm sacs, etc. The segments 
are numbered in roman numerals, eh ovisac ; ep ectoderm ; tt Internal opening of oviduct : 
h testes; Im longitudinal muscles ; w ovary; tin circular muscles; n spermathccae ; #6 spe^’m 
sacs ; sit sperm reservoir ; si sperm rosette (internal opening of vas deferens) in the sperm 
reservoir. (After Hesse.) 

encloses a space containing the testes and the sperm rosette. This 
is the sperm reservoir (Fig. 413). A sperm reservoir is not developed 
in Allolobophora, AcanthodrUus, and some other forms (Fig. 414). 
Sperm sacs are absent in the Enehytraeidae (except Mesenehytmau). 

The vesiculae seminales or sperm sacs do not necessarily correspond 
in number with the testes; tiiey vary in number from one pair to 
four (Fig. 414). They may attain a great sin^ extending bock 
through a great number of 8<^;ments (60 in a species of Oeoseolex). In 
the Lindeolae the sperm sac is, as stated above, generally unpaired. 

A similar sac is formed in connection with tixe ovary in some 
forms. This ovisac in the Limicalae is unpaired, and nmy he reiy 
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large (Ehynchdmis). In the Temcolae the ovisacs, when present, are 

usually small and paired 
i 2 (Fig- 413, etc.). They are 

diverticula of the septum 
at the hind end of the 
ovarian segment, and in 
some Limicolae the 
sperm-sac projects into 
them. 

The generative ducts 
correspond in number to 
the generative glands. 
They usually open into 
the general body-cavity 
of the segment contain- 
ing the gonads, but in 
some Terricolae (Lum- 

Fio, 414, — Diagram of the organisation of Megascc^idtt hticus^ etc.^ the Vasa 

(from Perrier, after Beiiham). 1, generative apparatus ; , • . ' • i. i.i. 

f, renal organs. Segments numbered in roman numerals. oeierentia Open into the 

In VJU and IX are the spcrmathecae ; in X and X/ the median narfc nf t b a 

testes ; in X/ to XIV the four sperm-sacs S ; in XIII ^ , 

the ovaries and fhnnels of the oviducts ; in XVIII the spemi-saCS (spcrm* 
male generative opening and sperm iducal glands pr. reservoir^ Tn fbo Tor, 
ip the pepto-nephridia ; p dilatations of the intestine. , 

The nephridial network is shown in f. ricoloe thei*e are tWO 

oviducts and two pairs 
of vasa deferentia. Tho oviducts, os in the Limicolae, are short, and 
open externally on tho segment behind that containing the ovaries, 
usually on tho 14th ; and internally into the coclomic chamber of the 
ovarian segment, usually the 13th. The two vasa deferentia of tho 
same side join behind to form a single duct, except in Phreoryctes, 
where they open on two consecutive segments, and in PeMrilus, in 
which they open on the same segment The opening of the vas 
deferens is variable in position*; in LutnJiriem it opens on segment 
16..,. The internal openings of the vasa deferentia— or sperm rosettes 
as they are called — are in tho coelom of the segments of tho testis 
(generally 10 and 11), and if there is a sperm reservoir they open 
into it There is in many forms attached to and opening into the 
vas deferens near its external opening a glandular appendage called 
the prostate, or spermiducal gland (Fig. 414). In some genera the 
spermiducal gland opens to the exterior independently of the sperm 
ducts. 



From segment 11 in Moniliyasler to 22 in Diackacta, 
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In the Lhntrolae the which is a dilatation on the vas 

deferens close to its opening, seems to correspond to the spermiducal 
gland 

In the Limicolae there is usually one pair of ovaries (except 
Phreoryctes) and one pair of testes (except iMrnbrxcvXidai)^ and 
tlieir position varies somewhat in the different families. They are 
placed further forward than in the Terricolae (for position see account 
of families), and their ducts are short, opening on the segment 
following that containing the gland. The nephridia of the segments 
of the ovaries and testes disappear as soon as these organs begin 
to develop. 

The ova of the Limicolae are much larger, and have more yolk 
than the ova of the Terricolae. 

According to Bcddard a trace of a second pair of ovaries can be made out in 
the ynung of sonio earthworms {Liimhricus and Octochaetus) in the 12th s^pnent. 
Ill this case the number of ovaries will equal the number of testes, and the 
scries of gonads becomes a continuous one. 

The spermatozoa, which arc filiform, develop in the sperm sacs, 
into which the cells of the testis (progametes) are dehisced. When 
ripe they are drawn into the vasa deferentia by the cilia of the sperm 
rosettes, and passed dowji these tubes, which their presence renders 
of an opaque white colour and so visible to the naked eye in 
earthworms, to the exterior. Here they are taken up, in the manner 
dcscrilxjil below, by the spermathecae (receptacula seminis) of 
anotlier worm, where they are stored until they are required for use. 
The spcrinatliecae are small vascular sacs, which open externally 
near one end of tlic segment which contains them (usually the 
anttu’ior); tlio luiml^cr of them varies considerably. In the Terricolae 
tliero are usually several pairs (4 or 6). Generally there is only one 
pair in a segment. In the Limicolae they are generally contained in 
the testicular segment. In EnchytraevSy and possibly other generSi 
the spcrmathccae open into the gut as well as to the exterior. 

The capsulogenous glands^ or as they are now called from their 
supposed function, the cObumen glands, are glandular developments 
in the ventral body-wall in the generative segments of some earth* 
worms. They probably secrete the albuminous matter found in 
the cocoon. 

Spermatophoree have been observed in some forms, both aquatic 
and terrestrial {e.g. Tuhifex, some Luml/ricidae). They have a 
somewhat elongated shape, and often have a certain complexity of 
structure. They consist essentially of spematozoa cemented together 
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into a packet They are found on the segments which during 
copulation are placed opposite to the male genital pores. The 
iuhercula pubertaiis are papillae on the ventral side of the clitellar 
segments. 

The clitellum or girdle is a glandular thickening of the integument 
of one or more segments of the body. In the Ltniicolae it is on the 
generative segments themselves. In the Terricolae it varies in 
position, but is never in front of the 12th segment, except in the 
Mmiligadridae. 

The male and female openings are on the olitellnm in Typhaeu$, Megascolides^ 
Eudriliis, PorUoscolex, CriodriluSy MoniligasteT^ etc. (in Mmiligaster the male 
openings are between 10 and 11, the female openings between 11 and 12) ; in 
Diachaeta^ Phinodrilus^ Brcmhydrilm^ etc., the male openings are 
on it, the female being in front of it ; the female openings are on it, and the 
male behind it in CrypiodriluBf PeHchaeta, Dtinodrilmf etc. ; finally in the 
lAiwhricid(ie both orifices are in front of it. 

As a rule the clitellum is saddle-shaped, the glandular development 
being confined to the dorsal and lateral regions, but in some forms it 
is a complete girdle. Its secretion serves to make the cocoon, and in 
some earthworms at any rate to bind the worms together in eopulation. 
Long modified setae are found in some forms in the neighbourhood 
of the male pores, and protruding through them; and in a few 
species bundles of similar setae are found near the spermathecae. 
They are termed genital setae^ those near the male pore being male 
penial setae, and those near the spermatheca pore female copulatory 
setae. When these modified setae are present, the ordinary setae of 
the segment are absent. The cocoons in which the eggs are enclosed 
may be spheroidal ; more usually they are ellipsoidal, tlie two poles 
being prolonged into short projections. They are formed by the 
secretion of the clitellum which the worm slips over its head. As 
the cocoon passes over the openings of the generative organs, it 
receives the ova, spermatozoa, and albumen which form its ultimate 
contents. Being elastic it shrinks when free of the worm and forms 
a compact case, traces of its origin being generally retained in the 
two projections from its poles. The cocoons are attached to aquatic 
plants {Limicolae\ or deposited in damp earth {Terricolae), It is 
common, though not universal, to find that only one embryo in each 
cocoon attains full development. There is no free larval stage : the 
young leave the egg as minute fully formed worms. 

Earthworms copulate. In the common earthworm of this country the process 
may be observed as follows; two worms in neighbouring burrows apply the 
anterior ends of their bodies together (the posterior ends remaining in the 
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burrows) in saoh a way that the openings of the spemiathecae are opposite 
the clitcllum of the other worm. The bodies become adherent, probably by 
suction of the ventral surface of the olitelia, with the assistance of a secretion 
of the clitellum, and sperm is poured out of the openings of the vasa deferentia. 
This is passed back along the ventral body of the worm in grooves which can be 
faintly discerned in sexually mature worms, leading back from the male genital 
opening. These grooves end at the cliteltum, and the transmission of the sperm 
b^kwards is probably effected by the coordinated contraction of their sides. 
However that may be, the sperm is transported backwards until it comes to 
the ventral surface of the clitellar region ; here it is opposite the openings 
of the spermathecae of the adherent worm. These app^r to take it up by 
a suctorial action, and so to become filled with the sperm of the other worm. 
The use of spermatophores in such oases is unknown.* 

Asexual reproduction is found in some of the aquatic forms, and 
the earthworms seem to have considerable power of reproducing 
lost parts. 

The asexual reproduction consists of a process of fission combined 
with gemmation. It takes place at certain periods of the year under 
certain climatic conditions, and is exhibited by worms which are 
immature in the fact that the generative organs are not developed. 
In the Naididae {Nais^ Ghmtogaster^ etc.) a zone of fission is formed, 
i.e, one of the somites enlarges and becomes divided into two parts : 
the anterior part forms the anal segment of the anterior worm, and 
the posterior gives rise to the head and anterior segments of the 
posterior portion. A chain of zooids may bo formed in this way, 
the individuals of which eventually separate. In the earthworms 
the anterior end, including the pharynx and cerebral ganglia, can 
be reproduced after excision, and the same remark applies to the 
hind end.t 

The Oligochaeta are distributed all over the world in fresh-water 
and on the land. Some are amphibious, and a few species are 
marine ; but the majority are terrestrial, and are earthworms in the 
ordinary sense of the word. 

Earthworms are found in the surface soil of the earth, in which 
they form burrows, coming to the surface to get rid of their faeces 
(worm casts), and to procure food, and to copulate. Their food 
consists of decaying vegetable substances, which they find in the 
fonu of leaves and twigs on the surface and in the dark vegetable 
surface soil, laige quantities of which they swallow. The part which 
earthworms play in modifying the surface soil is well known, and 
has been fully treated by Darwin in liis celebrated work on the 
subject. Briefly their action may be summed up as follows : they 

* Andrews, American Naturalietf 1895. f Bttlow, Z.f. w. Z, 1883. 
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are continually bringing up to the surface some of the deeper soil, 
and depositing it in the form of casts ; they thus assist in turning 
over Uie soil, and in mixing together the different parts of it, and 
the soil of the deeper layers is thus exposed to the atmosphere. 
Phosphorescent earthworms have been observed, but they are not 
common. 

Sub-order 1. Umicolae. 

* Oligochaeta with a clitellum commencing not later than the tenth 
or eleventh segment, and consisting only of a single layer of cells ; 
the sperm-ducts only occupy two segments, the external pore being 
on the segment following that into which the funnel opens; the 
male pore is situated in front of the female pore; eggs generally 
large, always provided with abundant yolk ; egg-sacs large ; spermi- 
ducal glands, when present, possess a muscular layer interposed 
between the inner epithelium and the glandular layer; sexual 
maturity at a fixed period. For the most part fresh-water forms. 

Fain. 1. Phraoryctidae. Aquatic or terrestiial, of slender form, often very 
long. Setae in four rows of single setae or of couples, sigmoid. Testes in 10 
and 11. Ovaries in 12 and 13, or in 13 only. S|)erm-ducts, two pairs opening 
separately, without spermiducal glands. S]^rmathecao in front of testes, 
without diverticula. No genital setae. Phreoryetes Hoffmeister, Eur., N. Am., 
N. Z., clitellum 11-14, 4 ovaries ; Pelodrilus Beddard, New Zealand, clitellum 
11-13. 

Fam. 2. Lumbrienlidae. Aquatic worms of moderate size. Setae paired and 
/-shaped, sometimes wth the free extremity bifid. The dorsal blood vessel or 
the transverse vessels with blind contractile ap|>endages (except Stylodrilus and 
(Vj Alluroidea), Testes in 9 and 10; ovaries in 11. Two pairs of sperm-ducts 
(cxc. AllurouUft) uniting to open by a single spermiducal gland on each si<le, 
which lies in front of the oviducal pores usually in 10. Lumhriadus Gr., 
male pore in 8 ; jRhynchelmis Hoffmeister ; Trichodrilus Clap, ; Phrcaiothrix 
Vejd. ; Claparedilla Yejd. ; Stylodrilus Clai>. ; Sutroa Eiacn : Alluroidf^s Bed., 
this genus presents certain characteristics of Terricolae. Eclipidvilits Eisen. 

Fam. 3. Tubiflcidae. Aquatic, fresh-water or marine, of small size and 
slender build. Setae of three kinds— -capilliform, pectinate, and nnciiiate— of 
which the first two (when present) are only found in tho dorsal bundles. Dorsal 
and ventral blood vessels connected in every segment. Testes in 10, ovaries in 
11, sperm-ducts always ending in 8|)ermiducal gland oi>ening on 11. Oviducts 
open between 11 and 12. Spermathecac one pair in 10. Tahifex Lam., dorsal 
bundles with capilliform, pectinate, and uncinate setae ; Cliicllio Sav. ; CL 
arenarius Sav., coasts of Europe; Limnodrilus Clap., with uncinate setae 
only, Eur. and California ; Ilesperodrilus Bedd., Falkland Isl. and S. Am. ; 
Heterochaeta Clap., marine, coasts Engl, and Bulg. ; Pcloseolex Leidy, N. 
Am.: Psammoryctes Vejd., setae capillif., unc., palmate, and jicctiiiate, Eur.; 
Hemituhifex Eis. ; Telmatodrilus Eis. ; Spirospenna Eis. ; Ilyodrilus £is. ; 
BothrUmeurofti Stoic ; Lcphochcteta Stole ; Branchiura Bedd , with median 
dorsal and ventral gills, Victoria regia tank in Regent's Park, Loudon 
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Vermicxilm Good rich, marine, Weymouth ; Evihulocephalxis Randolph, Lakes of 
Geneva and Zurich ; Vhrcod.rilm Bedd., subterranean water, N. Zeal. 

Fain. 4. Haididae. Small aquatic worms. Setae usually in four groufis 
upon eaeh segment— sigmoid, bifurcate, hastiforui, and capillifonn. In most 
genera the dorsal setae arc absent from a variable number of the anterior 
segments. Sexual reproduction at fixed intervals, between which asexual 
roprofluctioii by fission occurs. Sexual organs (only known in a few types) 
far forward, commencing even in the 5th segment. Testes in 6, ovaries in 6. 
There is sometimes only one nci»hridium in a segment, and in Uneiimis liUoralit 
they are said to be absent altogether. NaU 0. F. Muller (including Slavina 
Vejd, ; SlyUtria Laitik., etc.), the first 5 segments lack dorsal setae ; JV. lacxiUris 
L. ; I'riatina Ehrbg. (inch Naidiim Schm.); Itiputcs Duj. ; UTteinaU Lev.; 
Bohemilla Vejd. ; Dero Oken, gills as processes surrounding the anus ; 2>. 
Miillcrif Gt Brit. ; Chaetobranchus Bourne, gills as hollow processes of body- 
wall enclosing the dorsal setae, Madras ; AmphichdcUc Tauber, several segments 
without setae ; CJuutogaaUr v. Baer, ventral setae only present, uncinate, some 
segments without setae, ventral ganglia more numerous than apparent segments, 
as also in Vclrovermis Imhof., wdiich is probably allied here, 

Fam. 5. Enchytraeidae. Small worms ; setae (absent in Anachaeta) short, 
straight or curved, not bifid. A single jmir of calciferous glands sometimes 
present. Dorsal vessel present only anteriorly, sometimes with cardiac body. 
Testes in 11, male pores in 12 ; a reduced spermiducal gland present ; oviducts 
represented by pores. Sperma thecae one pair, in 5, generally opening into gut»* 
In most there is a single pore on the prestomium. Dorsal pores occasioualljr 
present. Fresh-water, marine, damp earth, littoral. In the presence of calciferous 
glands and in the distance between the spermatheoae and the male pores this 
family approaches the Terricolae, The presence of doi’sal pores in some genera 
(Fridcricia) points in same direction. DistickopuB Verrill ; ChirodrUm Verrill ; 
Mescnchytraciis Eisen ; Stercutiis Michaels., in manure, lumen of al. canal 
sometimes obliterated; Pachydriltis Clap.; Marionia Michaels.; Bitchholzia 
Michaels.; Enchylraeus Henle, setae hooked at free extremity; Fridericia 
Michaels.; Ilenlca Michaels.; Anachaeta Vejd. {Achaeta Vejd.), setae absent, 
represented by large cells ; Bryodrilm Ude ; ParenchytraeiiB Hesse. 

The Discodrilidaef are allied here ; they are small parasitic forms, without 
setae, with a small number of segments ; cephalic lobe divided into two ; a 
sucker at the hind end. Pharynx with two jaws, one above the other, formerly 
mistaken for Leeches. Branchiohdella Odier {Astacobdella Villot), parasitic on 
gills of the Crayfish ; Bdellodrihcs Moore ; Myzohdella Lcidy. 

Sub-order 2. Terricolae. 

Earthworms. Oligochaeta with a clitclliim which never commences 
before the twelfth segment (except in Moniligastridae)^ and always 
consists of two layers of cells. The spemi-ducts traverse two or 
more segments on their way to the exterior. Ova small and with 
little yolk ; egg-sacs small. Spenniducai glands, when present^ have 
not a muscular layer interposed between the inner epithelium and 

* Found also in Rhynckelmis and StUroa. 
t J. P. Moore, Jimm. Morph,, 10, 1895, p. 497* 
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the glandular layer. Sexual maturity seems to be more or less 
continuous. 0\iducal pores always on segment 14, and ovaries in 
segment 13. 

yWm. 1. MoxuUgattridaa. Large or smaU earthworms with paired setae, 
8 per segment ; clitelluni 10-18, inconspicuous, one ccl] tliick. One pair of male 
pores in MoniligasUr^ between 10 and 11, testes in 10 ; two pairs in Desmo- 
gaaier, on 11 and 12, testes in 10 and 11. Spermiducal gland showing the same 
stmetnre as in the Ltmhrkulidae^ with sometimes a protnisiblc penis. Ovaries 
in 18 in DesmogaxUr and some species of Moniligazttr^ in 11 in other species of 
if. Eigg-saos large; eggs smallish, larger than those of other Earthworms, 
smaller than those of aquatic forms. India, Ceylon, Sumatra, Borneo, Burmah, 
Bahamas. Maniligaster Per.; Iktmogaster Rosa. This family of earthworms 
is placed by some zoologists amongst the Limicolcu:, because of the position and 
stnicture of the clitellum, the length of the vas deferens, and the position 
of the ovaries in some species. Terricolous. 

Fam. 2. Periehaetidae. With numerous setae in each segment arranged in a 
continuous circle, or with dorsal and ventral gaj>3 ; male pore nearly always on 
18. Gizzard always present ; intestine frequently with two (sometimes more) 
caeca and a rudimentary typhlosole. Nephridia diffused or paired, Spermiducal 
glands generally lobate ; penial setae present or absent ; sperraathccao with ono 
or two diverticula. 

Pmchaeia Schmarda, very active, setae usually in a continuous row, nephridia 
diffuse, mainly tropical Oriental, also in Australia, Europe and America; 
Megascolex Templeton, setae interrupted dorsally and vcntrally, nephridia diffuse 
and paired, Australian and Oriental; Pleionogasier Michaels., Philippines; 
Perionyx Perr., tropics Old World ; Diporochaeta Bedd., N. Z. and Australia. 

Fam, 8. Cryptodrilidae. Terrestrial, sometimes aquatic, with 8 setae per 
segment. Clitellum variable in extent, occupying some or all of segments 
12 to 23, usually complete anteriorly. Spermathecao one to five pairs, placed 
anteriorly, nearly always with one or two diverticula. Male pores on segment 
17 or 18, opening independently of or into the distal non-glandular part of the 
spermiducal gland, which is either tubular or lobate. Penial setae generally 
present. Nephridia paired or diffuse. The largo number of new forms whicli 
have been described make it a difficult matter to separate the genera. In most 
parts of the world, but mainly tropical, specially Australian. This family inter- 
digitates with the AcarUkodrilidae and with the Periehaetidae^ from which the 
only difference is the character of 8 setae per segment, whioh, indeed, is shared 
by the anterior (though not the posterior part of the body) of Megascolex, 
Microscolex Rosa, mainly 8. America ; Pontcdrihis Perr. ; Typhaetes Bedd. ; 
Diehogaster Bedd,; Deodrilus Bedd.; ififfsemta Bedd. ; Michaels; 

Ttinephris Bedd., 8 pairs of nephridia in each segment; Digaster Perr.; 
Megasedlides McCoy ; M, australis Spencer, the giant earthworm of Gippsland, 
l*28m. ; Cryptodrilus Fletcher; the last five genera are mainly confined to 
Australia; Mierodrilus Bedd., Java, very active; OordiodrUus Bedd., mainly 
trop. Africa; Ocnerodrilm Eisen, America and Africa; Nannodrihis Bedd., 
West Africa, aquatic. 

Fam. 4. Aoaathodrilidae. Largo or small, usually terrestrial, rartly aquatic. 
Setae 8, 12, or numerous. Male pore on 18 ; pores of spermiducal glands, 
which are tubular structures generally with i)enial setae, on 17 and 19. 
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Spermathecae generally 2 pairs in 8 and 9^ with diverticulum or diverticula. 
This family is closely connected with the last. AeaiiUhodfilu$ Perr., paired 
nephridi% entirely from the Southern hemisphere,' Diploeardia Garman ; 
Ocloehaetus Bedd., nephridia diffuse, N. Z. ; Kerria Bedd., American ; DHnodrUus 
Bedd., witli pericardium, N. Z. ; Plagioihaeta Benh., N. Z. ; TrigasUr Benh.^ 
St. Thomas ; Benhamta Michaels, diffuse nephridia, mainly tropical Africa. 

Fam. 5. Sudrilidae. Size variable, with paired nephridia ; in some genera 
nophridial ducts as networks in body>wall, with numerous external openings ; 
setae in couples, sigmoid ; spcrmiducal glands always present ; sperm>ducts 
open into these glands at some distance from external orifice. Spermathecae 
(if present) unpaired, and opening outwards near the female genital pores, 
generally replaced by, or, if present, enclosed in coelomic sacs, which are 
frequently connected with the other parts of the female reproductive system. 
In some genera the male and female generative openings are unpaired. With 
the exception of EudriltLS the family is restricted to Africa. 

Sub- fam. 1. Pareudrilini. In tegumental sense organs rarely present. 
S|)Grm-ducts without dilatation ; ducts of nephridia branching in body- 
walls ; calciferous glands modified or absent. Eudriloides Michaels, ; 
Itdihrodrilus Mich. ; Megachaeia Mich. ; Mctadrilua Mich.; Notykus Mich.; 
Parcndrilus Bedd. ; Unyoria Mich. ; Platydrilus Mich. ; NemertodrUus 
Mich. ; Libyodrihis Bedd. ; Siuhlmannia Mich. 

Sub- fam. 2. Eudiiliui. Integumcntal sense organs present Calciferous 
glands, paired and unpaired, of the usual structure. No integumental 
nephridial network ; sperm-ducts w’ith dilatation immediately following 
funnel. Eudrilu$ Perr. ; Eminoscolex Mich. ; PolytoretUu$ Mich. ; Pretusia 
Mich. ; Paradrilus Mich. ; Hyperiodrilm Bedd. ; HtliodriLm Bedd. ; 
Aluania Bedd. ; Teletidrilus Rosa. 

Fam. 6. Oeosoolioidae. Size various, sometimes aquatic. Setae 8 in a segment, 
paired or irregular in arrangement. Clitellum saddle-shaped except in Diachaeta 
and Ilyogenia, usually rather extensive, often furnished with modified setae. 
Nephridia always paired, rarely more than one pair in a segment Gizzard 
anterior. Male poras generally within the clitellum, with or without spermiducal 
glands. Spermathecae without diverticula. 

Sub-fam, 1. Oeoseolicinae. Spermathecae one to four pairs in the 
neighl)ourhood of the gizzard. All tropical American except llyogenia 
from Natal. Prestomium absent in PmiioscoleXy DiachaeUi^ and Onycho- 
dhcLcta (as in DtodrilvA), Bhirwdrilm Perr.; Geoscolex Leuck.; Spargatuh 
philus Benham ; Sp, tamesia Benham, England ; Trichochaeta Bedd. ; 
Onych^Khaeta Bedd. ; llyogenia Bedd. ; Tykonus Mich. ; AnUus Perr. ; 
Ponioseolex Schm. ; Urobenus Benh. ; Diachaeta Benh. 

Sub-fam. 2. Mierochaetinae. Spermathecae, if present, usually near 
female apertures, nearly always minute, and generally numerous in each 
segment. Copulatory papillae furnished with special glands, and usually 
with modified setae. Old world. Criodrilus Hofimeister; Microekaita 
Perr. ; Caltidrilua Mich. ; Ky^wtna Mich. ; Olyphidrilua Horst ; Annadrilua 
Horst ; ffonnogaater Rosa, Italy ; Alma Gr. {Siphon ogaater Levinsen), with 
long paired penial processes; BilimJba Rosa; Bra^ydrilua Benh., ovaries 
said to be in 12. 

Fam. Inmbrieidae. Terrestrial (rarely aquatic), of moderate size. Setae 
8 in a segment Male pores usually on 15, rarely on 12 or 18. Clitellum 
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8addle*8haped, begins some way beiilnd the segment of the male, pores. Dorsal 
pores present. Gizzard single, at end of oesophagus. Nephridia paired and 
similar. Ko spermiduoal glands or penial setae. Tiibcrcula pubertatis nearly 
always present Cosmopolitan, but most cliaraoteristio of Palaeai-ctic and 
Nearotio regions. Allurua Eisen, male pores on 13 ; Tetragonns Eisen, male 
pores on 12 ; All6l€h<>phora Eisen, prestomium incompletely divides buccal lobe, 
male pores on 15, no median seminal reservoirs ; A, terrestria Sav., spermathecae 
in 9 and 10 resp.; Lumhricua Eisen, prestomium completely divides buccal 
segment, male pores on 15, two median seminal reservoirs occupying segments 
10 and 11 into which open three pairs of sperm -sacs, spermathecae two 
pairs, in 9 and 10 resp. ; Z. nibellua HofTm., clitell. 27-32, tubercula puber- 
tatis 28-31, Ist dorsal pore 7/8. Male pores almost invisible ; Z. hereuleus Sav., 
the common earthworm of this country, number of segments 180, clitellum 
82-37, tubercula pubertatis 33-36, Ist dorsal pore 7/S, male poi-es conspicuous. 


Class m. HIBUDINEA.^ 

Elongated^ vermiform Annelida icith anterior and posterim^ sucket's^ 
vdthout setae {except Acanthohdella) or parapodia^ and with median 
genital openings. Coelom nsually broken up into numerous inter- 
communicating spaces. Hermaphrodite. 

The Hirudinea have, owing to certain superficial resemblances, 
often been associated with the Trematoda^ with which group they 
have however nothing in common. They are in reality segmented, 
coelomate animals with distinct affinities to the Oligochaetous 
Chaetopoda. These affinities are specially obvious in the genus 
Acanthohdella^ in which there are setae in the anterior segments 
embedded in pits in the body-wall, and a spacious body-cavity 
divided by transverse septa into chambers. In the typical Leeches 
the coelom is difficult to trace completely in the adult, but it is 
undoubtedly present in the embryo in tlie usual Annelidan form of 
a series of paired cavities in the mesoblastic somites; and those 
cavities give rise in the adult to the sinus system, and indirectly to 
the tubes of the botryoidal tissue; likewise, though in a modified and 
veiled form, to the gonads and nepliridia. A vascular system is 
present, and by many anatomists is regarded as being continuous 
with the sinus system ; but this continuity is doubtful, and in the 

* S. Apathy, “ Siiss-wasser Hirudineeii,” Zool. Jubrb., 3, 1888, p. 725. Id., 
** Analyse der dusseren Kbrperform der Hirudmeen,** Naples Mitiheilungen, 8, 
1888, p. 153. A. Oka, **Ueitrdge z. Auat. d. Clcpsiue,” Z. /. w, Z.^ 58, 1894, 
p. 79. Fr. Leydig, “ Circulations — u. Ecspirationssystem v. Nephelis u. Clep- 
sine,'* Ber. d. K. Zoot. Ansi, zu Wilrzburg^ 1849. Id., *‘Zar Aiiat. v. Piscicola 
geometrioa, etc.,*’ Z. f.w.Z.^X. E. Ray Lankester, ^^On tlie connective and 
vasifactive tissue of the medicinal leech,** Q.J. M. 20, 1880, p. 307. A. G. 
Bourne, “Contributions to the Anatomy of the Hirudinea,** Q, J. M. <S., 24, 
1884, p. 419. C. 0. Whitman, “The Leeches of»Jaf>an,*’ 0. J. M. A’., 26, 1886, 
p. 817* A. Hoquiu-Taudon, AlonographU Ucs Uimdinics^ Paris, 1846. 
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present state of our knowledge cannot 
})e admitted. Externally the body is 
marked by a number of transverse 
rings — the annuli — which are shorty 
and may be moi'e or less indistinct. 
These rings do not correspond with 
the internal segments, which may be 
indicated by incomplete partitions; but 
tliey constitute much shorter portions 
of the body, three (Branchdliofij 
Clep»ine\ six {Ichthyohdella^ Callior^ 
hdella^ Pontoh(Mla)y five 
twelve (Piscicola) of them corro' 
spending to one internal segment. 
Towanhs the two ends of the body the 
segments are reduced in the number 
of rings, and in other respects. 

Thei*e is always a posterior sucker, 
into the constitution of which a num- 
ber of true segments (six or seven) 
enter, and genemlly an anterior sucker 
at the anterior end of the body ; both 
arc ventml. The anus opens dorsal to 
the posterior sucker, and the mouth is 
on the ventral surface in the anterior 
sucker. The animal moves in a looping 
manner by means of its suckers. There 
ai'e no para^XHiia, or setae (except in 
Acanthohdella)^ or head appendages, 
but in one genus {Branchellion) thei'e 
are leaWike branchial processes on the 
middle part of the body. 

On the annuli in transvei-se rows 
are arranged the sp-cidled segmental 
sense-organs or sensory papillae. The 
arrangement of these dilFers on the 
different annuli of a segment, but is 
tlie same, for corresponding annuli of 
diilerent segments. On the head some 
of these oi’gans are modified into eyes 
and into the cup-shaped organs. The 



Fio. medieinalU fthow> 

ing the segments according to 
Whitman, and illustrating the 
enuinoration adopted 'in the text 
(alter Whitman, ftrom Lang). ' The 
5 pairs of eyes are marked by the 
larger, the segmental sense organa 
by the smaller black dots; the 
openings of the nephridla by ob- 
long marks {lp-17p). The rings are 
counted on the right, the segments 
on the left SOfSt marks the position 
of the male, 05/50 of tlie female 
genital opening, an anus ; ht pos- 
terior sucker which is suppa^ird to 
consistof 7 sogineuls fused together. 
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skin is also often highly coloured, owing to the presence of 
pigment, not only in the cutis, but to a certain extent also in the 
epidermis. 

The clitellum consists of a glandular development of the skin of 
the 9th, 10th, and 11th segments (?10th, 11th, and 12th). Amongst 
the GncUhdbdeltidas it is most developed in Nephelis ; in Hii'udo it 
is inconspicuous. The genital openings are on the 10th and 11th 
segments* (Whitman, Oka) the male opening being in front of the 
female (Fig. 415). 

According to the most recent statements the Hirudinea possess, without ex- 
ception, 33 segments, some of which are however always reduced. A true 
segment is determined by the presence of a ganglion, so that 33 ventral ganglia 
can be made out It must, however, be admitted that these ganglia are not 
easy to see. The number is arrived at in this way : the suboesophogeal ganglion 
consists of 6 ganglia (Whitman, Oka) ; then follow 21 single free ganglia, and 
then one composite one consisting of 7 fused ganglia. 

Apathy also makes 33 segments, but according to him the subocsophageal 
ganglion consists of 6, and the last ganglion also of 6. His enumeration is as 
follows. The body is divisible into six regions, viz. the region of (1) the head, 
(2) the clitellum and preclitellum, (3) the stomach, (4) the intestine, (5) the anus, 
and (6) the posterior sucker ; of these the anal region contains three segments, the 
rest six each. The head region consists of six more or less reduced and shortenc<l 
segments, four or five of which may enter into the formation of the sucker. Segment 
1 is always eyeless, and segment 6 possesses eyes only in the ten-cyctl GmiliohdtlU 
idae. The mouth is on the ventral surface, and its anterior limit is at least two 
segments from the front end of the body. The preclitellar segments are 7, 8, 9, 
and the clitellar segments are 10, 11, 12. Of the 12 segments of the middle- 
body, of the stomach and intestine, the first and last ate usually reduced, 
ijut the 2nd to the 11th are complete, and each contains the number of rings 
characteristic of the genus. The anal region contains three segments much 
reduced ; the anus is in tlie dorsal middle line at most two segments in front of 
the sucker. The post-anal segments are all incori>orated in the sucker — some of 
them being invaginated into it ; they are six in number, as is shown by the 
constitution of the last ganglion. 

The body-wall consists of a single layer of epidermis cells with a 
cuticle ; a cutis containing pigment cells and blood vessels, both of 
which intrude into the epidermis; an outer circular and an inner 
longitudinal layer of muscles. Tlie muscular fibres are tubular, t.e., 
they consist of an outer cortex of striated, presumably diflereritiated, 
contractile substance, and an inner core of granular matter, in which 
lies the nucleus. Unicellular glands, opening on the surface and 
secreting a mucous fluid, are found in great numbers in the epidermis 

* Apathy makes the genital openings in segments 11 and 12, and the clitellum 
to include 10, 11, and 12. Bourne agrees with the position in the text, if wo 
allow, as Oka does, that the suboesophageal ganglion consists of 5 fused ganglia. 
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or stink in the cutis, or even amongst the muscles. The clitellar 
glands are specially enlarged modifications of the ordinary skin gland, 
and are found deeply situated in the clitellar region ; they secrete a 
clear viscid substance which quickly hardens outside the body and 
is used to form the cocoons when the eggs are laid. Within the 
muscles there is a connective tissue, in which the various organs are 
embedded. These organs wo may now proceed to consider. 

The central nenroos system has the typ cal Annelitlan character 
of two ventral cords closely approximated, but diverging from one 
another in front to pass round the oesophagus. There is a bilobed 
swelling dorsal to the alimentary canal constituting the supra- 
oesophageal ganglion, and supplying the 
cephalic sense-organs; and a series of 
swellings on the ventral cords, each 
of which gives off two pairs of nerves. 

Thc^^ ventral ganglia are segmental in 
their arrangement, but are partly fused 
anteriorly and ix)steriorly. Thus in the 
suboesophageal ganglion and circum- 
oesophageal commissures five (or six) 
ganglia can be made out (Fig. 416); 
these belong to the first five (or six) 
segments of the head region. The last 
ganglion, which supplies the sucker, 
consists of seven (or six) ganglia 
fused, and between these two composite 
ganglia there are twenty-one separate 
ventral ganglia* (Fig. 424). There is 
an unpaired median longitudinal nerve 
passing from ganglion to ganglion be- 
tween the two halves of the ventral 
cord and a system of vutceral nerves 
which was discovered by Brandt. The 
latter consists of an intestinal nerve, 
which arises from the brain and runs 
close to and above the ganglionic chain; (^Leydig). ooaraMiSMigiioiio 

it sends branches to supply the caeca wix^pittgaii gsogUonte 

. , , 1. 1.1 nijuw; Sp vi«oar»l Dervei; A eyas 

of the stomach. Three ganglia, which sb aense-orgaiit. 

* According to Bourne’s enumeFation there are 23 ventral ganglia, hat he 
counts the suboesophageal and posterior gan^ion as single ganglia; if the 
former be allowed at 5 and the latter at 7, it makes the total number 83. 
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in the common leech lie in front of the brain, and send their nerve- 
plexuses to the jaws and pharynx, are considered 
by Leydig to be enlargements of cerebral nerves, 
and very likely control the movements which 
occur in swallowing. 

The alimentary canal. The mouth leads into 
a muscular pharynx provided with salivary glands. 
In the lUiyncoMelliilae the anterior part of the 
pharynx is protractile and highly muscular; it 
forms the so-called pro1x)scis. In the GnatJich 
bilellidae the anterior i)art of the pharynx projects 
as three prominent ridges, over which lie the 
three serrated chitinous plates or jaws (Fig. 417). 
Occasionally the jaws are reduced in numl^er 
{Geobdella\ or 
they may be vesti- 
gial {Tvo€hetta\ 
or entirely ath 
sent {Lej)to8t(ynia 
etletitulum). The 
pharynx (Fig. 

418) is followed 
by a tubular 
oesophagus (in- 
conspicuous in 
Hirvdo\ which 
leads into a thin- 
walled stomach 

(sometimes called the crop or proventriculus) pro- 
vided with paired, segmentally arranged lateral 
caeca. These vary in number in diWerent forms, 
and the last i>air ai*c much the largest, and extend 
backwards on each side of the intestine. The 
blood swallowed by the animal is stored up in 
these caeca, consequently they are best developed 
in fonns which feed most rarely ; in Axdastoma^ 
which does not suck blood at all, but feeds on 
small worms, etc., the last pair alone arc present. 
From the stomach a short intestine, the anterior 
part of winch is often provided with two doml 
caeca (IHrudo)^ leads back to the anus. The 



a b 

Fio. 417.— rt, ccpliallc region of the 
Medicinal Leocli ; tlio three jaws are 
shown, h, one of the jaws isolated 
with the finely serrated firee edge. 


Eio. 41 S.— Diagram of a 
longitudinal section 
through the Medi- 
cinal Leech (after 
Leach«rt)i h stom- 
ach with 11 laveral 
caeca ; O cerebral 
ganglion ; Gk ventral 
nerve-cord ; Ex 
uephridia. The in- 
testinal caeca arc 
not shown. 
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anterior part of the intestine is sometimes called the stomach, and 
the hinder part may be distinguished as the rectum. 

The perivisceral or body-cavity is a coelom, as is shown by its 
development and its rektions to the renal organs; but in Acantho- 
Idella alone is it a spacious cavity divided by septa into chambers, as 
in the Oligochaetes. Jn all other leeches it is much broken up, and 
though retaining its relations with some of the organs, e.g. ventral 
nerve cords, principal blood vessels, etc., it is largely without a peri* 
visceral character, and has the form of longitudinal canals or sinuses 
connected by a complicated system of intercommunicating spaces. 
This system of canals and spaces is commonly called in leccli 
morphology the mms system; the arrangement of it varies some- 
what in the different genera. 

Owing to the fact that the sinus system contains a fluid closely resembling the 
fluid in the blood-vessels, it has often been held to be a part of the vascular system. 
Leydig was the first to recognize the distinction between the two, and in this he 
was followed by subsequent workers. But although it b now recognbed by the 
majority of workers that 
tlie two systems are dis- 
tinct, it is still generally 
lield that they are con- 
tinuous through their finer 
branches. This view is, 
as we shall see, based on 
insuflicient evidence, and 
having regaid to the state- 
ntents of Oka and Bitrger, 
it seems safe to assert as 
a fact that the two sys- 
tems arc separate, as has 
been shown to bo the case 
for all other grou|is in 
which the matter has been 
closely investigated. 

Ill (Fig. 419) 

there are five longitudinal 
miials : (1 ) a median sinus, 
which in the region of the 
gut diverticula, t.e., in the 
middle jiart of tlie body, is divided into a dorsal sinus enclosing the dorsal blood 
vessel, and a ventral iiaviiig relation to the ventral blood vessel, nerve cord, and 
some of the reproductive organs (ovaries and vas deferens) ; (2 and 3) a pair of 
lateral sinuses placed at the two margins of the body ; and (4 and 5) a pair of 
intermediate sinuses, which, in the region of the nephridia, are broken up into 
a network of canals. The median sinus is divided up by a few incomplete, but 
where tliey occur segmental, septa. These five sinuses communicate with one 
another by numerous tiuusverso sinuses, and there is a system of hyi>odernial 



Fio. 4lO.--I)iagTam illastniting the arraiigeiiieiit of the 
coelom or sinus system in the midtllo port of the body of 
CYrpwne com^anata (after Oka), (fc, inZr, vc^te^hc trans- 
verse sinuses connecting the main longitudinal sinuses ; 
ihj dorsal blood vessel ; dl dorsal sinus ; vg ventral blooil 
vessel; vt vciitml sinus; n nerve coni; si intermediate 
sinus ss a network of canals in this part of the body ; 
si lateral sinus ; hi hyiKxleniial sinuses. 
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tiiiiites oommiinicating with the others. The fluid in the ainoaes contains two 
kinds of oorpnsclea, the smaller are exactly similar to the corpuscles of the 
bloodt tiie larger are apparently detached from the epithelium lining the sinuses, 
and MW not found in the blood That these sinuses are codomic is shown by 
the fiMst that the nephridia open into them, and that they do not communicate 
with the vascular ^tem. The latter fact, though long unrecognized on account 
of the difficulty of distinguishing between blood-vessels and the finer ramifi- 
cations of the sinus system, can hardly be disputed if Oka is correct in his 
statements that the two can easily be distinguished in stained preparations, 
and that the corpuscles of the sinus fiuid differ as above explained from those 
of the bloody Moreover, developmen tally tho two systems are absolutely 
distinct 



pio. HQl— D tegiaiBS of tzansveive seetioiis through various leeches to show the relation of the 
fiwa« system (coelom) to the other oigans. 1, Cleptine, i, NepkelU. 3, PorUcbddla. 
t irirmb. (After Bourne, fkom Perrier). • alimentary canal ; d$ dorsal sinus ; dv dorsal 
vessel; /nsphridial fonacl ; c, If lateral ainos; Iv lateral vessel ; n nerve cord ; as nephridio- 
pors ; 0 ovary ; f testis ; vf vantral sinus ; v ventral vessel. 


In other leeches the coelom is very dmilar (Fig. 420). In PtnUcbdella it is 
even more complete than in CflepHne. In Himdo the lateral sinuses are absent, 
and in Ntfhdlii the dorsal 

7MCiilBr ffFBtent The blood is colourless in the Shynchobdellulae^ 
and coloured red with haemoglobin in the OnathohdeUidae. In all 
cases it has approximately the same colour as the coelomic fluid.^ 
Since Leydig^s work the main blood vessels have been distinguished 

* In the young Kepkelis the blood is red and the coelomic fluid yellow 

(Bttrisr). 
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from the longitudinal canals of the sinus system by having thickeri 
often more muscular walls. The main longitudinal trunks vary 
considerably in different genera (Fig. 420), but however many there 
are they all communicate with one another and form a continuous 
system, and are often contained in one or more of the canals of the 
coelomic system. 

In Pontobdella there are fonr main tranks, a dorsal and ventral and two lateral, 
all contained in sinuses ; in CUpwM there is a dorsal and a ventral, both eon* 
tained in sinuses ; in Hirudo and Nepheli$ there are no dorsal and ventral veasela, 
but only two lateral, which are not contained in sinuses. 

In Clepsim the dorsal voasel is dilated into fifteen small chambers, each of 
which possesses a cellular projection of its wall, which is called a valve and 
probably buds off blood corpuscles. Moreover, the hinder part of the dorsal 
vessel in this animal spreads out into a sinus, which completely surrounds the 
intestine and opens into the ventral vessel. 

The botryoidal tissue is found in the OrujUTtohdellidae. It is a 
broAvn pigmented tissue which embraces the alimentary canal, the 
blood vessels, the main lacunae of the coelom, etc., “ in a word, it is 
a pigmented tissue^ wliicli in the absence of a proper p^^visceral 
cavity fills up all the interstices situated between the organs it 
invests ” (Leydig quoted by Lankester). It consists of swollen cells 
joined together in anastomosing rows, and containing tubular cavities 
continuous along the cells of a row. These botryoidal vessels contain 
a red fluid, and constitute a tubular network lying between the 
alimentary canal and body-wall, and extending into the muscles of 
the latter. In places they are swollen into the botryoidal sinuses, 
which are vesicles lined by botryoidal cells. These are conspicuously 
developed in Nephelis and Trochetia (forms without the dorsal 
sinus), and some of thorn contain and receive the opening of the 
funnels of the nephridia. They are comparable to the so-called 
perinephrostomial sinuses, or parts of the sinus system which contain 
the nophridial funnels in other Gnathohddlidas. 

In Hirudo a similar, but less conspicuous structure, formed of botryoidal 
tissue and containing the funnel of the uephridium, is present on the dorsal side 
of the testis. 

The botryoidal vessels undoubtedly communicate with the dorsal and ventral 
sinuses, or with extensions of these. From their development (see below) there 
can be no doubt of their coelomic nature, and they clearly correspond to the 
network of tubes which connect together the main sinuses of the Phyndhih 
bdellidaef in which group botryoidal tissue is absent. As in this group they 
contain a fluid similar in colour and character to the blood (red in the Gnatho- 
hdellidae)t' and this similarity has led to the view that the emus system and 
vascular system are continuous in both divisions of the Hirudinea. As we have 
already seen (p. 617 ), no observations have been brought in support of this for the 
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Jkh^nchobdtllidae \ on the contrary, Oka has shown that in Clcpsine no such 
continuity exists ; but for the OiuUhchdellidas we have the statements of Bouriio 
and Lankester that they have seen botryoidal tubes and small blood vessels in 
direct continuity, and the statement of Burger, in direct opposition to the above, 
that in the young Kephelis the two systems are separate, and contain differently 
coloured fluids. 

In weighing these statements, we must not forget (1) that it is extremely 
unlikely that animals so closely similar in other respects as the GnathobdeUidae 
and Bhyru^hobdellidas should differ in such an important point of stmeturo ; (2) 
that the sinus network and the small blood vessels are intermingled in the 
greatest complexity of arrangement, and that the walls of both have a very 
similar structure, and that they contain a very similar fluid, and therefore mighjb 
very easily be mistaken for one another, and (3) that a continuity between the 
vascular system and the undoubted coelom of the sinuses would bo a unique 
phenomenon in the stmeture of the animal kingdom.* The bearing of these 
considerations is obvious, their weight indubitable ; and it is clear that until 
more detailed and elaborate observations in support of the view of continuity 
are forthcoming, wo are bound to hold, provisionally at any rate, that in the 
Leeches, as in other animals, the blood system and coelom are separate from one 
another. This position is still further strengthened when we remember that 
developmentally the two systems are separate, and if continuity exists it is only 
established comparatively late in life, after the larval and embryonic i>eriod. 


t/l y (t tab 



tr caps hi p ^bg dr 


Fio. 421.— Diagrammatic repreaenUtlon of a nephridium of Clcpsine (after Oka), a the 
anterior division ; P the posterior division ; y the median division ; U the invagination of 
skin ; cape capsule ; dr glandular cells of the nephridium ; luh lab^ rinthic coil of”nephri<Iial 
tube ; n nerve cord ; nphg duct of nephridium ; a lateral sinus ; tr funnel ; vl ventrid sinus. 


The nephridia vary in number in the different genera, and even in 
species of the same genus. They are absent from tJie anterior and 
posterior ‘part (Fig. 424), and are l)cst dcveloiMid in the middle 
region of the l)ody. They consist (Fig. 421) of a long convoluted 
canal, which ojiens at one end to the exterior on the ventral surface 
of the body, and at the other internally into some part of the sinus 
system (see above, p. 618). The part of the organ next the external 
oiiening (sometimes as in Hii-wh dilated into a vesicle) is probably 
derived from an invagination of the skin, and is intercellular; the 
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remainder is intracellular, and is described as consisting of a row 
of tuliular cells fitted end to end like drain-pipes. On account of 
the long convoluted character of the nephridium, different parts of the 
cell-rows are in contact, and where this happens the cells of the 
different rows are not distinguishable save by their nuclei. At 
some parts of its course the main tube of the nephridium gives off 
branching ductules in the protoplasm of the nephridial cells. Just 
before the internal opening is reached, the nephridium often becomes 


dilated into the cap- 
sule (Oka), which con- 
sists of a protoplasmic 
wall with embedded 
nuclei and an internal 
mass of cells, which 
arc partially, sometimes 
completely, fused with 
one another (Fig. 421). 
On rcacliing tlic caj)- 
sulo the intracellular 
tube of the nephridium 
branches out into a 
number of branching 
and anastomosing fine 
ductules, which open 
into a space between 
the wall and central 
mass ; this space leads 
into the funnel, and 
is most developed near 
the point, where that 
structure is connected 
to the capsule. Tlio 
funnel itself and its 



Fia. 422. —Diagram of a neplirhlium of Himdo (from Perrier, 
after Bourne), a capsule and funnel ; testis lobe ; C’-d 
main lobe; recurrent lobe; f-g apical lobe; k-j the 
duct ; j-k the vesicle ; I the external opening. 


stalk consist of preteplasm without cell-limits, but containing a few 
nuclei ; it is ciliated, and the cilia are directed towards the capsule. 


In Pontohdella (Fig. 423) and Branchellion the nephndial system consists of 
a network of hollow cells extending from segment to segment, and across the 
middle line. In each of the segments in which the nephridial network is 
found there are connected to the network two internal openings (of the usual 
structure, a syncytial ciliated funnel and neck, and a capsule), and two ventral 
external opening. 

In Clepsine (Fig. 423 Cf) and Hirudo (Fig. 423 B) the nephridial tube is much 
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twisted, and gives off branching ductnks just before rea:!:ing the capsule 
(Fig. 422). 

In Hirvdo the internal opening is a 
large structure, and is sessile upon the 
capsule (Fig. 422) ; it is divided up into 
several ciliated spoon* shaped openings, 
and has the usual syncytial character. 

In Hirudo medicinalis there are 17 pairs 
of nephridia ; the first one is in the seg- ^ 

ment of the 2nd free ganglion, the last 
one in that of the 18th ganglion. The 
first sir are without internal funnels ^ 
the remainder, the first nine of which 
are in the segments of the testes, and 
the last two in the segments behind the 
testes, possess internal openings at the ^ 
end of the testis-lobe. The testis-lobe is 
a process of the nephridium which pro- IJ.Z. 
jects towards the middle line, and in the 
testis segments abuts upon the testis. u~ 





A B C 

Flo. 428.->Diagram8 of the nephridia. A, of 
' Pontohdella- (two contiguous nephridia are 
shown) ; Bt of Hirudo ; C, of CUpHiu, a, a 
capsules and fhnnels ; Ihs canal in testis lo^ ; 
e>€ canal in main lobe ; d in Hirvdo^ canals in 
coecal end of the “nniin lobe"; In Hirudo 
dnets in Uie apical lobe ; g the apex ; e-4, lii 
and gA, in Himdo, nnbtanched canal 
poMing to the external aperture; j-it, in 
Hirvdo, the vesicle; x, x caecol ductules in 
Pwkhidta, (After Bourne.) 


Fio. 424. — Disgrsm Illustrating the 
arrangemeut of the renal, generative, 
vascular, and nervous organs of 
Hirudo medicinofia (from Perrier, after 
Bourne), cer.g, passage of the oeso- 
phagus through the nerve-collar; ep 
epididymis; g. l-tS the ventral gan- 
glia ; gl glandular dilation of oviduct ; 
l.v, lateral blood vessel ; 11., lab., Id. 
branches of the same ; neph., or n. 1-17 
the 17 pairs of nephridia; oe circum- 
oesophageal conhnissure of the left 
side ; ov ovary ; pe penis ; te i-P the 
9 poirs of testes. 
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Generative organs. The Hii^wlinea are hermaphrodite. As in 
many marine Plauaria, the openings of the male and female organs 
are placed one behind the other, the male being anterior, in the 
middle ventral line of the anterior region of the body. In Hirudo 
meclidnalis the male opening, which in the Gnathobdellidae is pro- 
vided with a protrusiblo penis, is in the segment 
of the 6th distinct postoral ganglion (llth segment 
counting the siiboesophageal ganglion as consisting 
of 6 fused ganglia), and the female opening in the 
segment behind (Fig. 424). 

The reproductive glands are hollow structures, and 
are continuous with their ducts. 

There are usually several pairs of testes arranged 
segmentally, but in NepTielis they are arranged irre- 
gularly. In Hirudo (Fig. 424) there are nine or 
ten pairs of testicular vesicles, which are connected 
by short ducts with a sinuous vas deferens on either 
side. Each vas deferens is coiled in front to form 
a kind of epididymis (Fig. 425), and is then prolonged 
into a muscular portion, the ductus ejaculatorius, 
which unites with that of the other side to form 
an unpaired eversible organ called the penis, with 
the internal end of which is connected a well- 
developed gland — the prostate. The female apparatus 
(Fig. 426) consists either of two long tubular ovaries 
extending over several segments {Clepsiue^ .Nephelis\ 
or of two short saccular structures. The ovaries may 
either join together at the genital opening (CTepsiwc), 
or their walls may be continued as the two oviducts, 
which soon join. The single oviduct so formed becomes convoluted, 
and passes through the albumin gland, after which it becomes dilated 
and constitutes the vagina which opens to the exterior (Fig. 426). 

The reproductive cells are produced by the cells lining the re- 
productive glands, which must be regarded as special parts of the 
coelom (sinus system) which have become shut oflf from the rest in 
continuity with their ducts. This separation of the generative part 
of the coelom from the rest takes place as we have seen in some 
Oligochaeta. 

The spermatozoa are xmited together in packets — ^the spermato- 
phores. There does not appear to be any true copulation, but the 
spcrnuitophores are deix)sited on the body of another leech, W'hence 



Fig, 425.<»Generm- 
tiveorgansoithe 
Medicinal Leech. 
T testis ; Vd vas 
deferens; JVh 
epididymis; Pr 
prostate; C 
penis ;Ov ovaries 
with vagina and 
fefnale genital 
opening. 
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Fio. i 26 .-~a, cocoon ; 6, female organa 
of Hirudo vudicinalii (after 
LeuckartX 


the spermatozoa appear to make their way through the skin and 
tissues to the ovarian tubes, where it is probable that fertilization 

occurs.* This process of cutaneous 
injection of spermatozoa is found in 
other groups, amongst which may be 
mentioned Turbellaria and Peripatvs. 

The eggs are usually laid in cocoons 
(Fig. 426 a) either on stones or plants 
{NepheliSy Clepsine)^ or in damp earth, 
the animal, if aquatic, leaving the 
water for the purpose. The cocoon is 
formed by the clitellar glands. When 
the eggs are about to be laid the 
leech attaches itself firmly by its 
ventral sucker, and, twisting itself 
about, envelops the anterior - part of 
the body with a viscid mass, which 
covers especially the genital rings like a girdle and gradually 
hardens to form a firm membrane. A number of small eggs and 
a considerable quantity of albuminous matter in the case of the 
Gnathohdellidae^ then pass out, and the animal withdraws its 
anterior end from the barrel-shaped membrane, which now contains 
eggs, etc., and which, after the animal has left it, becomes in 
consequence of the narrowing of the external openings a tolerably 
completely closed cocoon. 

The number of eggs contained in a cocoon varies, but is never 
large. The eggs of the GnathohdeWdae are small, and the young 
are hatched early and float as larvae in the albumen which they 
swallow. In the Rhynchohdellidae the eggs are largcir and contain 
more yolk ; they are hatched at a later stage. Clepsine (see p. 526) 
attaches its cocoon to stones and brooils over it till the young are 
hatched, which takes place at an curly stage ; the young then attach 
themselves to the ventral side of the mother, and are carried about 
by her, living on albumen secreted by her. 


The dsvelspmsnt is characterized by the early 8i)ecialization of the so-called 
pole-cells (neui-o-nephroblasts, mesoblasts), and by the formation from them of 
cords of cells with a definite destination. This characteristic is not confined to 
the embryo, but is found also in the adult, where the rows of cells of which the 
nephridia and botryoidal Ussue are both formed, not to s[)cak of the egg-strings, 

• Vide Whitman, '*S];)crmatophores as a means of hypodciniic impregnation,** 

Jinirn, Morph, f 4 , 1891 . 
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are striking features. The segmentation is unequal. Tlie mouth is formeil 
early, and through it, after the formation of the pharynx and rudiments of the 
alimentary t ana), the albumen contained in the cocoon is taken into the intestine 
of the growing embryo by means of swallowing movements of the pharynx. 

In the Gimihdbdcllidac it appears that a considerable part of the larva is cast 
off in the attainment of tlie adult stage, e.g, the ectoderm, muscles, pharynx, 
and provisional kidneys. The development* resembles in many respects that of 
the Oligochaetes. This particularly applies to the origin and fate of the meso- 
blastic bands. They arise from two pole-mesoblasts and become segmented into 
somites^ each of which soon acquires a cavity — the coelom. The somites spread 
vcntrally, and unite with one another across the middle line. In this ventral 
)>art the walls between successive somites break dowm, and a continuous tube is 
formed — the ventral sinus— while in the lateral parts they give rise to the septa, 
which in an incomplete manner persists throughout life. In this way arise the 
ventral sinus and the lateral sinuses, while partial obliteration of the connection 
between these (intermediate sinus of Clepaine) and diverticula of them give rise 
to the complicated sinuses of the adult. 

The nephridia arise from a single large cell of the somite>wall, which pro- 
liferates and produces the characteristic cord, which becomes the nephridium-— 
the strings of botryoidal tissue appear to arise in a very similar manner from 
largo cells of the somite wall which produce strings of cells by proliferation. 
In both cases the cell-cords become hollow, the lumen communicating with the 
coelom. The botryoidal sinus in Kephelis, which contains the nephridial funnel, 
is directly derived from the lateral part of the primitive somites, the segmenta- 
tion of which is retained. If this account of the origin of the botryoidal cords 
is correct, it would appear that they resemble the nephridia closely in their 
development, structure, and relations to the coelom, and we must regard them, 
like the nephridia, as special organs of the coelom. 

The ovaries arise as thickened patches of the coelomic epithelium in parts of 
the coelom which become constricted oflf from the rest; the ducts arise by 
prolongation of the sac so formed to the skin of the ventral surface. The testes 
arise on each side from a continuous ridge of cells, which separates from the 
|>eritoncum and becomes hollowed out into the testes and vas deferens. 

The tcmnnal parts of the nephridia and generative ducts are developed from 
ecto<lermal ingrowths. 

Asexual reproduction is unknown in the group. The leeches live 
for the most part in water, or temporarily in damp earth. A few of 
the Gnathobdellidae are true land forms, and have lost the power of 
swimming. Comparatively few are marine, and they belong to the 
Ichthyohdellidae. They move partly by looping,” with the help of 
their suckers, and partly by swimming with active undulations of the 
body. Many of them are parasitic on the skin or gills of aquatic 
animals j most, however, are only occasionally parasites of the outer 
skin of warm-blooded animals. They do not feed exclusively on any 
special genus of animals, and their diet is not always the same in the 
diderent periods of their existence. The caeca of the stomach 


* 0. Boi’ger, Zoologikhc Jdhrbucher^ 4, 1891, and Z/. w. 88, 1894« 
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enable them to store np a large quantity of food, and many of 
them are able to go without food for a long* period. 

Fam. 1. Bhynchobdellidae. With colourless blood, with a protrusible j)ro- 
boscis, without jaws. Each typical segment consists of 3, 6, or 12 rings. The 
6 -ringed forms are all marine except Haementaria, Organs concerned in the 
formation of blood corpuscles (so-called valves) are often present in the dorsal 
vessel. Without botryoidal tissues. 

Sub fam. 1. Ichthyobdellidae. Marine and fresh -water leeches, parasitic 
for the most part on fishes. With cylindrical body. The proboscis is not 
longer than the preelitellum. Ichthyobdella Blainv. , on marine fish ; Pis- 
dcola Blainv., on fresh -water fish ; Pordohdclla Leach, marine, on sharks 
and rays; Branchellion Sav., with foliaceous lateral appendages; B, tor- 
pedinis Sav. ; Callidbdella v. Ben. and Hesse ; Ozobranchtis Qfg. , with 
branchiae, in the mouth of tortoises, crocodiles, pelicans. 

Sub-fam. 2. Clepsinidae. Fresh-water leeches, generally parasitic on 
snails, but also on fish. With dorsoventrally compressed, never cylindrical 
body. The proboscis is longer than the preelitellum. Clepsiiie* Sav., 
common fresh- water form. They brood over their eggs, which are attached 
to some foreign body. In two species hioculata and heterodita the eggs 
are attached to the ventral surface of the body. After hatching the young 
attach themselves to the ventral surface of the mother. Batrachobdclla 
Viguier, on Batrachians, Algeria ; Haenientaria de Fil. ; H, meodcana do Fil. , 
jET. officinalis de Fil, both in the lagunes of Mexico, the latter used for 
medicinal purposes ; JET. Ohilanii de Fib, in the Amazon. 

Fam. 2. Onathobdellidae. Fresh-water and land leeches with jaws, without 
protrusible proboscis, with red blood ; the complete segments have five rings. 
With botryoidal tissue. 

Sub-fam. 1. ITepbelidae. With 19 complete segments; the sexual 
openings are separated from one another by two rings. Eyes are never 
present on the 6th segment, 4 pairs only. Nephelis Sav. {Herpobdella 
Blainv.), without hard jaws, feeds on snails and planarians ; Liostomum 
Wagler ; X. lumlricoides^ lives in the earth after the fashion of earthworms, 
which it resembles, Brazil. Macrobdella Phil.; Trochetia Dutroch., jaws 
vestigial, without teeth, 4 pairs of eyes ; it is a water-leech, but leaves the 
water to feed on earthworms, continent of Europe, has been introduced into 
England ; Archaeobdella 0. Grimm, A, esmorUi 0. Grimm, from the mud 
at the bdttom of the Caspian. 

Sub-fam, 2. Hirudinidae. With 16 complete segments ; sexual openings 
separated by 6 rings ; 6 pairs of eyes. Hinido Ray and Linnaeus, with 
102 rings ; eyes on the three anterior rings, and on the fifth and eighth ; 
male opening between rings 30 and 31, female opening between rings 35 and 
36. The three jaws are finely serrated, and can be moved like a circular 
saw in a manner well-adapted to make a wound, which readily heals, in 
the external skin of man ; aquatic, but deposits its cocoons in damp earth. 
IT. medicinalis Ray, with the variety distinguished as officinalis^ possesses 
80-90 fine teeth on the free edge of the jaws, and attains a length of about 
6 inches. They were formerly common in Germany, and are still frequently 

* The ^nus Olossiphonia Johnson has priority over Clepsine^ but whether it 
is advisable to give up a name so well-known as Ulepsine is a doubtful question* 
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to be found in Hungary and France. They are cultivated in special ponds, 
and take tinee yeara to attain sexual maturity. In the young stage they 
live on tlie blood of insects, then on that of frogs, and only when they have 
attained soxual maturity is a diet of warm blood necessary to them. Aulas- 
toma Moq. Tand., often called the horse-leech, feeds on worms and molluscs, 
last pair of gut caeca alone present; A, gulo M. T. Uaemopis Sav.; JET. 
vorax M. T., the horse leech, indigenous in Europe and N. Africa, attaches 
itself to the interior of the pharynx of horses, cattle, and men ; jaws with 
30 denticles. Haemadipsa Tennent, the land -leech, in forests or damp 
districts in or near the tropics ; OecMella Whitman, Australian land-leech ; 
Leptostoma Whitman, jaws vestigial ; Limnalis M. T., 4 pairs of eyes, jaws 
without denticles, fresh -water ; A. nilatica M. T. 

Fam. 3. Acanthobdellidae.* Fish parasites from Siberia, on caudal and anal 
fins of Salmo salvelinus, with two 


double rows of setae on each side on 
the first 5 segments of the body (Fig. 
427). The setae are embedded in 
setigeroua sacs which are provided 
with retractor muscles. Body com- 
posed of 20 segments ; male opening 
on segment 7, female on segment 8. 
Anus dorsal to sucker (Kowalevsky). 
4 or 5 rings to one segment. Body- 
cavity spacious and incompletely 
divided by 20 segmental transverse 
septa. The nephridia are in the dis- 
sepiments, and open between the seg- 
ments ; internal openings not observed. 
The visceral peritoneum consists of 
chloragogen cells. The vascular system 
consists of a dorsal and ventral vessel. 



Pio. 427.— VentTal view of anterior end of 
AcanthdbdtUa^ showing the setae S, and 
reserve setae Sr (after Kowalevsky). 


The nervous system consists of 20 

ventral ganglia, of which the fii*st and last are composite. Testes as two 
continuous tubes in segments 6-15. Ovaries as two tubes in segments 8-13. 
The genital ducts are presumably continuous with the glands. AcarUhobdella 


Qrube. 


Class IV. EOHIUEOIDEAt (QEPHYEEA AEMATA). 

Annelida loith variahle traces of segmentation in the adult ; with a 
welUnicu*ked preoral lobe and a pair of ventral hooked setae. 

The Eehiuroidea were formerly united with the Sipunculoidea in 
the class Gephyrea. In the present work, however, it has been 

* A. Kowalevsky, Bull. Acad. Imp. d$$ Sdeims St. Peter^xmrg^ June and 
Nov., 1896, T. V. , ^ , 

t R. Gitjcf, “Die Echiuren,’* Nw. Act. Leap. Car.^ 41, 1879. J. S[wngel, 
“ Die Organisation des Echiums PallosU,” Z.f. w. Z. , 34, 1880. D. C. Danielss^ 
and J. Koren, “Gephyrea," Norvoegian North Atlantic Expedition^ 1881. B. 
Hutschek, “Ueb. Entwick. von Echiums,*’ Arh. Zool. Inst. fPien, 8, ISW. 
E. Selenka,/* Report on the Gephyrea,” Challenger Btports. vol. 18, 1886. M. 
Rietsch, “Etude sur les Gephyriens arm4s,” Recueil z. Suisse, 8, 1886. A. E. 
Shipley, “Gephyrea** in Vumbridge Natural History, 2, 1896. 
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deemed advisable, for reasons set forth on another page (p. r>33), 
to break up this class, and to establish the Siimnculoidea us an 
independent phylum of the animal kingdom, with affinities to 
Phoronis and perhaps to the Annelida^ and the Echiuroidea as an 
aberrant class of the phylum Annelida. 

The Echiuroidea have a somewhat cylindrical body, which is 
prolonged anteriorly into a long, highly contractile preoral proboscis 
(Figs. 428, 429). They are exclusively marine, and for the most 
part live in holes and fissures in rocks and between stones ; Echiurus^ 
however, frequents sand or mud, in which it forms tubes with two 



Fio. 428.— Yonng Echlurus, ventral view (after 
Uatsebek). 0 mouth at the base of the 
proboscis; SC circumoesophageal cominis* 
•ures ; BS ventral cord ; A anus ; U ventral 
hooks. 


openings. Many membe rs of 
the doss appear to have the 
habit of frequently changing 
their residence. The proboscis 
has a ciliated groove on its 
ventral surface, which leads 
behind into the mouth situated 
at its base. Tlie animals ajipear 
to subsist on organisms and 
organic particles, wliich are 
brought to the mouth by the 
currents of water driven along 
the groove of the proboscis by 
the cilia. The anus is posterior 
and terminal. 

There are almost always tw6 
hooked setae on the ventral 
surface not far from the front 
end (Fig. 428 H ) ; they are 
embedded in pits of the skin. 


by the lining of which tliey 


are secreted in the typical annelidan manner. In Echiurus there 


is in addition a single or double row of setae round the hind end ; 


these are the anal setae. A short distance behind the hooked setae 


are the oi>enings of the anterior nephridia ; these vary in number 
from four pairs to a single one. 

The skin is covered with small papillae, which are often arranged 
in rings. The body-wall is highly muscular, and consists of the 
usual layers. 

The central nervous system consists, as in the Si/nmndoidoa, 
of a wigle ventral coixl, lying entirely within the body-wall. In 
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front this cord divides into two, which pass round the oesophagus 
and extend quite to the anterior end of the proboscis, where they 
join one another (Fig. 428). There are no ganglionic swellings, but 
the whole system has a uniform coating of nerve-cells. The ventral 
portion, moreover, contains a fine canal, which extends into the 
commissures, but is absent from the hind end of the cord, and from 
the supra-oesophageal portion. The central organ gives off nerves 
to the adjacent parts of the body. 

There are no special sense-organs. 


05 c 



Pio. 429.— Femalo of BoncUia viridis; a, tli6 whole animal; h, anatomy; c, Integument and 
generative organs after removal of the intestine (after L. Duthiers). Jb anal vesicles ; Ad 
rectum ; J) alimentary canal ; M cutaneous glands ; M mesentery ; Ov ovary ; R proboscis 
(preoral lobe) ; Tr ciliated funnel of the single brown tube or anterior nephridium (uterus); 
U uterus (anterior nephridium). 


The alimentary canal, in which various divisions can be made 
out, consists of a long, thin-walled, much convoluted tube, along the 
ventral wall of part of wliich is a ciliated groove. There is also a 
stphoUj or accessory intestine, like that found in Echinids and some 
Chaetopods; this is a tube given off ventmlly from the anterior 
part of the long and coiled intestine; it lies ventral to the ciliated 
groove, and opens posteriorly into the hind part of the intestine. 
There is no special mesentery, but strands of tissue run from all 
parts of the body-wall across the body-cavity, to be inserted into the 
walls of the alimentary canal. 

2 M 



530 


AKKHLIOI. 


The reotum lesembles the skin in its lining epithelium, having 
many unicdlular glands. It receives the openings of the two anal 
▼esidea (Fig. 429, Ab ) — one on each side; these are elongated 
tubular, sometimes branched, contractile structures which open into 
the body-cavity by many ciliated openings. They are supposed to 
1 a> a pair of modified nephridia, the openings of which, os in some 
Oligochaetes (p. 502), have got shifted into the rectum. 

The periviaceral cavity is spacious and entirely coelomic, and 
contains a corpusculated fluid, the corpuscles of which are said, in 
some forms, to contain haemoglobin. 

The vascular system consists of a dorsal vessel, lying on the 
anterior part of the alimentary canal and continued along the 
proboscis, and of a ventral supra-neural vessel. These two vessels 
communicate in front and behind, and doubtless give olT branches to 
the organs, though such have not been described. 

The renal organs are constituted by the so- 
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called brown tubes or anterior nephridia, and 
the anal vesicles or posterior nephridia. The 
anterior nephridia closely resemble in form and 
relations the brown tubes of Sijpunculu$; they 
are attached to the ventral body-wall at their 
external openings, and project back into the 
body-cavity as long blind tubes ; the internal 
opening, as in SijpunculuSf is close to the ex- 
ternal. They function also as generative ducts, 
and the generative cells are collected in them 
before extrusion, for which reason they are 
sometimes called uteri. They vary in number 
from one to four pairs. In Echiui'vs there are 
two pairs, but in Thcdcmerm the number varies 
in the different species from one to four pairs. 
In Bondlia there is only one brown tube (Fig. 
429), sometimes on the right side and some- 
times on the left The posterior nephridia or 
anal vesicles have already been described. 

The sexes are separate, and the generative 
cells are derived from that portion of the 


mftto of Bondlia (after 
Spengel) JOiotaatiue; 
WT eiliatod fUiiiiel of 
Ilia deferena (FdX 
whieh to Sltod with 
•pami. 


coelomic epithelium which overlies the ventral 
(supra-neural) vessel (Fig. 429 They are 
dehisced into the body-cavity, where they 
mature and escape by the anterior nephridia. 
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The males and females are not distinguishable externally except 
in Bonellia and Harningia^ in which there is a very pronounced 
sexual dimorphism. In these genera the female has the ordinary 
form of the species; but the male (Fig. 430) is a minute (in 
Bonellia 1-5 mm. long) planariandike organism which lives in 
considerable numbers as a parasite, principally in the uterus and 
pharynx of the female. It possesses an alimentary canal which is 
without any opening to the exterior; the skin is ciliated, and 
contains muscular fibres ; there is a body-cavity, the lining cells of 
which give rise to spermatozoa; there is also a single anterior 



Fio 431. - a, Larva of Echiurui trom the ventral side (after Hatschek). SP apical plate ; Prw 
prcoral; Pow poatoral ring of cilia; KN head-kidney; VG ventral nerve cord connected 
with the apical plate by the long oeaoph.vgeai commiseurea ; AS anal veaiclea. ventral 
region of the EcMurus larva with segmented ineBOdermal banda ; SC oesophageal com- 
missures : Dsp dissepiments of the anterior body segmenta ; MS mesodermal banda ; A anna 
(alter Hatschek). 

nephridium which opens to the exterior at the front end of the 
body, and internally into the body-cavity at its hind end. Small 
vestiges of the anal vesicles, which open directly on the surface of 
the body, can be made out, and in both the genera the hooked 
setae are present. 

Development In the Echiuroidea a typical trochosphere larva 
(Fig. 431) has been observed in EMurus and Thalassema, with u 
strong preoral circle of cilia (Prtd), in addition to which there is also 
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a delicate postoral circle (Pow). In Echimtis early in larval life an 
excretory organ, the head-kidney or pronephros (KN) is developed, 
one on either side ; and behind it a pair of mesoblastic bands make 
their appearance, and become divided up in subsequent development 
into the rudiments of 15 pairs of mesoblastic somites (Fig. 431, &). 
In the terminal segment, which is surrounded by a circle of cilia, 
there appear in the somatic mesoderm the rudiments of the anal 
vesicles (Fig. 431, AS). The rudiments of both the cerebral ganglion 
and of the ventral cord are derived from growths of the ectoderm — 
the former from the apical plate, and the latter from paired thicken* 
ings of the ventral ectoderm. The two are connected by the 
oesophageal ring, which is also provided with ganglion cells. In 
later stages the segments disappear, and the ciliary apparatus 
degenerates and vanishes; after which two strong hooked setae 



Fio. 482.->01(ler Bchiwnis larva 
flrom thefide(afterHat8chek). 
The head-kidnejr la atrophied. 
A anua ; AS anal veaiclea ; 
BK circles of setae ; O cere- 
bral ganglion developed from 
the apical plate ; U ventral 
hooka ; M stomach ; 0 mouth ; 
SC oesophageal commissures; 
VQ vential nerve cord. 


appear at the side of the nerve cord, not 
far from the mouth, and two circles of 
shorter setae are formed at the hind end 
of the body (Fig. 432). The preoral lobe 
of the larva becomes the proboscis of the 
young Echiurus. In Thalassema the 
development is very similar, and the meso- 
bl^tic bands are segmented. In Bonellia^ 
on the other hand, no traces of segmentation 
have as yet been ol)served, and the larva is 
not so obviously built on the trochosphere 
type. 

In view of the development of Echiurim and 
Thalassema, it is difficult to resist the conclusion 
that the Echiuroidea are Anvelida, a conclusion 
which is further emphasized by the presence in all 
genera of typical Annelidan setae embedded in and 
secreted by pits of the skin. It is curious that in 
Boiiellia the trochosphere stage is so much modified, 
and especially that no traces of segmented meso- 
blastio bands should be seen. With regard to the 
latter point, however, it must not bo forgotten 
that a renewed investigation may yet bring to 
light some traces of larval segments. We may 
therefore regard the Echiurwlea as Annelids in 
which the segmentation is feeble, showing faintly 
in the young, but except in the repetition of the 
nephridia (e,g. Thalassema with s three pairs of 
anterior and one jiair of posterior nephridia), 
being absent from the adult. 
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The rescnihlances between the Sipunculoidea and Echiuroidea have been 
referred to above. They formerly led to the union of the two groups in the 
class Oephyrea, and they consist mainly in the resemblance between the brown 
tubes of the former and the anterior nephridia of the latter, in the spacious 
character of tlie coelom in the two grouj)S, and in the singleness of the vchtral 
nerve cord. As to these wo may remark that nephridia tend to resemble each 
other in groups much more remote from each other than those under discussion, 
that a spacious coelom is found in many widely divergent forms, and that the 
singleness of the ventral cord, though an important feature, is not of itself 
sufficient to outweigh the following most important differences: (1) the difference 
in the position of the anus ; (2) the absence of a prcoral lobe in the Sipuiicu- 
loidca ; (3) the absence of anal vesicles in the same gioup ; (4) the absence of 
any traces of Annclidan setae ; and (5) the total absence of any trace of 
segmentation in the larva and in the adult 

Echiurm Cuv, (Fig. 428). Proboscis not bifurcated ; anal setae in one or two 
rows ; two pairs of anterior nephridia ; males and females alike. E. pallasii 
Gudrin, N. Sea, English Channel, etc. 

Thalasseiiia Gaert. Proboscis not bifurcated ; no anal setae ; one to four pairs 
of anterior nephridia ; sexes alike. Th, neptuni Gaert, English Channel, etc. 

Boncllia Rolando (Fig. 429). The animals are of a green colour, owing to the 
presence of a pigment distinct from chlorophyll, and called bonellein. Proboscis 
bifurcated ; no anal setae ; a single anterior nephridium ; sexual dimorphism 
pronounced. B, viridis Rolando, North Sea, etc. 

Ilamingia Dan. and Kor. Proboscis not bifurcated ; no ventral hooks and 
no anal setae ; one or two anterior nephridia ; sexual dimorphism pronounced ; 
males provided with ventral hooks. H, arctica D. and K. 

Saemoma Dan. and Kor. Proboscis absent ; no hooks or setae ; one anterior 
nephridium ; male unknown. 8, vitreum D. and K. 

EpUheto3omaT)Q;n, and Kor., maybe placed here, though it differs considerably 
from other Echiuroidea. The proboscis is long and whip-like, and contains a 
cavity continuous with the body-cavity. Posterior to this tubular proboscis, 
on either side of the anterior extremity of the trunk, is a fissure, the bottom of 
which is pierced with apertures leading into the body-cavity. There are no 
hooks or setae, and no anal vesicles. The mouth is at the base of the proboscis, 
and the anus is posterior ; the alimentary canal is straight. The nerve-cord 
contains a tube. Vascular system not observed. 
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SIPUNOULOIDEA* (Gephyrea Achaeta). 


Umegmented vermiform animals with a ^aciom coelom, antero- 
dorsal anus, and one pair of nephridia. The anterior part of the 
body is invaginable. 

As stated before on p. 461, we have thought it necessary, in the 
present state of our knowledge, to break up the old group Gephyrea 
into (1) the Echiuroidea (Gephyrea armata) which remains with 
the Annelida, (2) the Sipunculoidea (Gephyrea Achaeta), (3), the 
Priapuloidea, and (4) Phoronidea (Gephyrea tuhicola). The three 
last of these we advance provisionally to phyletic rank, not being 
able to subordinate them to any other group. The Sipunculoidea 
and Phoronidea are undoubtedly Coelomata; but of the Priapuloidea 
we cannot say this, and the fact that we deal with them in the 
part of the work devoted to coelomate animals must be regarded 
us a concession to the older view of their relationship to the 
Sipunculoidea, rather than as an expression of opinion on our part 
that they have a coelom. 

The Sipunculoidea are elongated, vermiform animals and live in 
sand and ooze in the sea; they also bore in coral rock. The 
anterior part of the body is of a different appearance to the 
posterior or main portion; it is called the introvert, because it 
can be invaginated into the larger posterior portion by means 
of special retractor muscles. The month is placed at the anterior 
end of the introvert and is in relation with a row of ciliated, 
hollow tentacles, which may be arranged in a circle or in the 
form of a double horseshoe, the concavity of which is dors.al. 

* Keferstein, “Beitragez. Anat. u. syst Ecnntniasd. Sipunculiden,”^’./. to. Z., 
tv., 1865. E. Selenka, “Die Sipunouliden,” Smper's Beiten, 1888. D. 0. 
DanielHen and J. Koren, “ Gephyrea," The Norwegian N. AttanUe Expedition, 
1876-78, 1881. B. Hatscliek, “tjb. Entwick. v. Sipunculus nhdns," Zool. 
IntL tyUn, 5, 1884. A. E. Shipley, “On Phymoeoma variana,” Q. J. U. S., 81. 
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There is no trace of a preoral lobe. The amis is approximated to 
the mouth, being placed on the dorsal surface about one-third of 
the length of the body from the anterior end. The body is devoid 
of setae, but the introvert is often covered by rows of homy hooks 
or by small, scale-like papillae which are dii*ected backwards and 
overlap one another. There is no trace of segmentation, but the 
skin is often thrown 
into ridges, both 
transverse and .lon- 
gitudinal. There 
are no special 
organs of sense. 

The body-wall is 
highly muscular, 
and consists of an 
external cuticle, a 
single -layered epi- 
dermis, a cutis, a 
layer of circular 
muscles, a thin 
layer of oblique 
muscles, and a thick 
layer of longitudinal 
muscles which are 
often arranged in 
bundles; lastly 
there is a layer of 
flat coelomic epi- 
thelial cells bearing 
isolated cilia. The 
cutis contains nu- 
merous unicellular 
or multicellular 
glandular organs 
which open to the 
exterior by pores ; 
these structures have often a marked nervous supply and have 
been mistaken for sense-organs. 

The alimentary canal is a thin-walled tube in which three regions 
may be distinguished — the anterior portion (oesophagus) straight and 
uncoiled, the middle portion (intestine) coiled and bent on itself, and 



F.a. iZ9.-^ijmnculH$ nndMS, laid open from the tide (after 
W. Keferstein) Te tentacles; G eerebral' 'ganglion ; VG 
ventral nerve cord ; D intestine ; A anna ; BD brown tnbea 
(nophridia). 
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the terminal portion (rectum) sliort an<l straight, leading to tlie anus. 
The intestine passes hack to the hind cud of the l)ody and then turns 
forwards, the two limbs being coiled spirally round one another. 
Delicate muscular bands pass from tlie body-wall to the intestine, 
and there is. often a muscle — the spindle muscle — ^wliich extends 
along tlie axis of the intestinal spiral from the liind end of the 
body to the rectum. There arc no special glands, Imt a caecal 
diverticulum, which varies much in size in diirerent individuals 
and opens into the rectum, is often present. Two tufts of tissue 
are also attached to the rectum; they were fornieily sup}M)sod to 
be vestiges of the anal vesicles of the FjchinroiJea. The alimentary 
canal — particularly the intestinal portion — is generally full of sand, 
excepting along a ciliated groove, which extends along its whole 
length. 

The retractor muscles are usually four in numh(‘r; they arc 
inserted into flic alimentary canal just behind tlic mouth, and aj ise 
from the body-wall a little behind the anus (Fig. 433). 

The nervous system consists of a single vential cord without 
ganglionic swellings, and sh6wing no sign of being formed of two 
halves; it divides below the oesophagus into two cords which embrace 
the oesophagus and unite in a single supra-oesophagiad ganglion on 
the dorsal side just behind the attachment of tlie retractor muscles. 
The cord and ganglion give off numerous nerves to adjacent i»arts. 
In the dorsal middle line, outside the tentacular circlet, there is 
an ectodermal pit which reaches as far as the supra-oosophagf'al 
ganglion; it is called the cerebral organ, and is lined by ciliatiMl cells. 
In Physcosoma (Phymosoma) the inner end of this j)it is bilobed and 
lined with cells containing a black pigment; it is embedded in the 
substance of the supra-ocsophageal ganglion. 

The body-cavity is entirely coelomic and very spacious ; it contains 
a richly corpusculated fluid, which often has a pink colour. The cor- 
puscles are of two kinds — biconcave discs, whicli contain the ihmI 
pigment called haemerythrin, and amoeboid cells. In addition tliere 
are found floating in the coelomic fluid the reproductive cells, and in 
SIpuTtculm and Phascolosoma some peculiar ciliated structures called 
*^ur7i8^^; these are apparently budded off from the coelomic epithelium 
overlying the dorsal blood-vessel. 

The vascular system is closed, and contains a corpusculated fluid ; 
it consists of a contractile vessel lying on the dorsal side of the 
oesophagus, and of an annular vessel surrounding the mouth. The 
dorsal vessel ends blindly behind, and in front opens into the circum- 
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oral vessel, which sends prolongations into the tentacles ; it gives off 
no branches. There is often pi-esent in addition a vessel on the 
ventral side of the oesophagus, which also opens into the citcumoral 
vessel. Inasmuch as this system gives no branches to the viscera, 
it cannot be regarded as a nutritive or respiratory organ; it is probably 
mainly concerned with expanding the tentacles. A vascular system 
is absent in OncTinmma and in Tylosoma. There are no special 
organs of respiration, unless the tentacles are such. 

The nephridia are two in numlier ; they are often called the hroten 
iuhesj and open externally on the ventral surface in the anterior 
region. They project backwards in the body-cavity from their attach- 
ment to the skin, and they possess an internal opening into the 
perivisceral coelom at their anterior end close to the internal opening. 
Tlicy have glandular walls, and servo to transmit the reproductive 
cells to the exterior. 



Fm. 434.— SUge of Sipunculus embryos, In which Uie cephalic and ventral plates are beginning 
to fuse with one another. The vitelline membrane and the cilia of the serosa which perforate 
it. are omitted (after Hatscliek). a, In transverse section; Kp cephalic, JSp ventral plate; 
E endbderm ; Ms mesoderm ; S serosa, b, In median longitudinal section ; Oe oesophagus ; 
Mm pole cells of the mesoderm. 

The sexes are generally separate, and the reinrodactive glands are 
simply proliferations of the coelomic epithelium. In Sipunctilus 
these proliferations form an annular thickening of the peritoneal 
lining at the point of attachment of the retractor muscle to the 
body-wall. The reproductive cells are dehisced from the generative 
ridge before tliey are ripe, and mature in the body-cavity. 

Fertilization is probably external. In Sijmnadus, the development 
of which was observed by Hatschek on larvae taken in the Pantano, 
near the lighthouse at the north end of the Straits of Messina, there 
is an invaginato gastnila. The blastopore closes; the mouth and 
anns being new formations. There are two primary mesdblast cells 
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which give rise to two mesoblastic bands, which do not undergo 
segmentation. Invaginations of the ectoderm of the animal pole 
and ventral surface of the embryo give rise to cephalic and ventral 
plates respectively (Fig. 434), while the remainder of the ectoderm 
cells grow round these, and form an external envelope for the embryo 
of the nature of. a serous membrane (serosa). Cilia project from the 
latter through the pores of the vitelline membrane, and are employed 



Fio. 485.~l4urva of Sipuncvlus (after Hat- 
sehek). 0 mouth ; Sp apical ^late ; A anus; 
PoW poatoral circle of cilia ; N kidney. 



Fio. 486.— Quite yomgSiptinatlm 
still without tentacles (after 
Hatschek). 0 mouth ; .i anus ; 

ventral nerve cord; N neph> 
ridiiim (brown tube); Gcerebnd 
ganglion ; Bg blood vessel. 


by the embryo in swimming. The cephalic and ventral plates soon 
grow together. The mesodermal bands soon split into somatic and 
splanchnic layers, between which is the coelom, and give rise to 
the rudiments of the two nephridia; while the oesophagus arises 
as an invagination of the ectoderm of the antero-ventral region, 
and a postoral circlet of cilia is formed behind it (Fig. 435). The 
serous membrane is cast oif with the vitelline membrane, and the 
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larva then contains all the essential organs of the young Sipuneulus^ 
except the ventral cord and the blood vessels. At a later stage, 
during the growth of the larva, the ventral nerve cord is developed 
from the ectoderm, the circle of cilia disappears, the first tentacles 
sprout out at the edge of the mouth, and the metamorphosis of the 
free-swimming larva into the creeping young Sipunculus (Fig. 436) 
is completed. The anus is never posterior, but is dorsal at its first 
appearance. There is a small preoral lobe with an apical plate in the 
larva, which disappears in the adult, the mouth becoming terminal, 
li^is important to notice that the anus is on the same side of the 
body as the preoral lobe, and is thei*eforo truly dorsal. Whether it 
marks the morphological hind end of the body, as it does in Phoronis^ 
or whether it is, as described in the text, on the anterior part of the 
true dorsal surface, cannot be certainly determined, though from its 
position at its first appearance it is reasonable to conclude that it is 
at lejist dorsal in’" position. 

Fam. Sipimeulidae. With the characters ot the order. 

{a) Longitudinal muscles of the body-wall divided into bands. PhyscoBoma 
Sel. \Phymo 807 m Sel.), with papillae ; Sipunculiis L., without papillae ; S, nvdus 
L., English Channel, North Sea. 

{Jb) Longitudinal muscles continuous. PhascoloBoma Leuckart, two nephridia, 
numerous tentacles; P. vulgare Blainv., English Channel and N. 1^; P. 
elongatum Kef. ; P. papillosum Thompson, E. Channel ; Dendrosioma Grube, 
two nephridia, 4-6 tentacles ; PhascolUm Th4el, right nephridiuni only ; P. 
stromhi Mont., E. Channel. 

(c) A distinct shield at the anus and at the hind end, or a calcareous ring 
round the anus. Aspidosiphon Grube, with both shields; Oloeosiphon Grubo, 
a calcareous ring in front of the anus; Oolfingia Lankester, a preanal horny 
ring, and a posterior horny spike. 

{d) Two foliaccous tentacles. Pstalostorm Keferstein ; P. minutum Kef., E. 
Channel. 

(^) No tentacles or vascular system; one retractor muscle and nephridium. 
Oiichncsoma Kor. and Dan. ; Tylosoma Kor. and Dan. 
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PRIAPULOIDEA.* 

Umegmented vermiform animals with an anterior terminal mouth, 
and a posterior terminal anus. The central tmrvous system is not 
separated from the ectoderm, and the renal and reproductive onjans 
are entirely separate from the hody-cavity. 

These are vermiform animals which live in sand and mud in the 
sea. They have a short introvert, and the mouth, which is toiininal 
and anterior, is surrounded by chitinous teeth. The anus is terminal 
and posterior, and in Priapulus there is a hollow caudal appendage 
attached ventral to the anus, and covered with a number of hollow 
papillae. There are no tentacles. The body-wall is muscular, and 
the skin is transversely ridged. 

The alimentaJT canal is straight, or but slightly looped, and is 
divided into a muscular pharynx lined with chitinous teeth, an 
intestine, and a rectum. 

The central nervons system consists of a circumpharyngcal ring 
and a ventral cord, and is throughout in continuity with the surface 
ectoderm. 

There are no special sense-organs. 

There is a spacious body-eavity, which is probably a haemocoele, 
inasmuch as it has no connection with the renal or generative organs. 
There is no canalicular vascular system, and if the body-cavity be 
not a haemocoele it must be admitted that the vascular system 
is absent. 

The renal and reyrodnctlTe organs are paired, and have common 
ducts, which open posteriorly, one on either side of the anus. These 
ducts are beset with two kinds of caccal diverticula — the one 
generative and the other renal The generative caeca produce the 

* W. Apel “Zar Anat. d. Piiapalas caudatus n. 4 Halicryptus spiunlosus,’* 
Z. f. v>. z., 42, 1886. E. Ehlers, “Ueb. d. Gattung Priapulus,” z. f. w. Z , 

11, 1861. H. Sohauiusland, ** Die Excrot. u. Geschlechtsorgane d. Priapuliden,’* 
Zed. Am, 9, 1886. 
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generative cells from their lining epithelium, and the renal caeca 
are branched and ciliated, and terminate in pear-shaped cells, which 
contain a long, flame-shaped cilium projecting into tiie lumea of the 
canal. It therefore appears that in the Priapuloidea the generative 
glands are continuous with their ducts, and not connected in any way 
with the body-cavity ; while the renal organs resemble those of the 
PUUyhdminthea. 

The 8e.xcs are separate, and the development is unknown. 

Fam. Priapalidas. With the characters of the group. Priapuliu Lam., 
JIalieryptus v. Sicb., both found in the North Sea. 



CHAPTER XIV. 


PHORONIDEA.* 


Tubicolous, hermaphrodite Coelomata^ tcith a tentaculated, horseshoe- 
shaped lopfuiphore, a dorsal arms, and one pair of nephridia. 

It is convonient in the present state of our knowledge to give 
Phor-onis the rank of an independent phylum of the animal kingdom. 
It has been relegated by various naturalists to the Gephyrea, the 
Polyzoa, the Brachiopoda, and even to the Enteropneusta, but to not 
one of these groups are its affinities close enough to justify a phyletic 
association. 

Phoronia is a coelomate animal with a vascular system, and an ecto- 
dermal nervous system. In the adult state it is sedentary, and inhabits 
leathery tubes, to which particles of foreign matter, such as sand 

giains and sponge spicules, are 
often found adhering (Fig. 437). 
The animal can protrude the 
anterior part of its body from 
the oiiening of the tube, to 
which it appears to be but 
loosely attached. 

A number of individuals are 
commonly associated together, 
their tubes being twisted round 
one another; but their bodies are not connected in any way. Wo 
are ignorant of the cause of this association of individuals; it is 
not known that they possess the power of budding at any stage of 
their existence. The tube is secreted by the animal, very possibly 



Pig. 437 —Three tubes of Phoronis psanmoihila 
(after Cori), natural size. 




* H. Caldwell, **Oii the Structure, Development, and Affinities of 

Phoronis,” Proe. Soy. Soe., 1882. Id., “ Blastopore, Mesoderm, and Metameric 
Segmentation,” Q. J. M. S., 26, 1885. W. C. McIntosh, “Phoronis Buskii,” 
CtwUmgw Boports, 28, 1888. W. B. Benham, "The Anatomy of Phoronis 
australis,” Q. J. U. S., 80, 1889. E. Metschnikotf, “Ueb. d. Metamorphose 
Seethiere,” Z.f, w. Z., 21, 1871. Id., “ Vergl. Emb. Studien,” im., 87, 
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by cutaneous glands in the ante- 
rior region. 

At the anterior or oral end of 
the animal there is a horseshoe- 
shaped lophophore entirely at- 
tached to the oral surface (Fig. 
438), no part of it projecting as 
in fresh-water Polyzoa (see Fig. 
441). The concavity of the 
horseshoe is dorsal. In some 
forms, e,g, Ph. australis^ the two 
ends of the horseshoe are curved 
inwards into a spiral. The lopho- 
phore carries two rows of hollow 
ciliated tentacles, between which 
is a groove leading into the 
median mouth. Overhanging the 
mouth on its dorsal side, i.e. 
between it and the inner ten- 
tacles of the lophophore, is a 
laterally extended flap of the 
body-wall — the epistome (Fig. 
438, ep.). The anus {an) is 
dorsal and outside the lopho- 
phore, at the summit of a median 
longitudinal ridge {Rr\ on each 
side of which tliere is a lateral 
ridge (wr), each bearing at its 
oral end a pore, the aperture of 
a nephridium {neo). The row 
of tentacles on the inner, i.e, 
concave side of the lophophore, 
is incomplete in the middle line. 

The body is elongated aborally, 
and may attain a length of 
6 inches. Development shows 
us that the dorsal surface* is 
the area between the mouth and 



Fio. 488.— Diagram showing the anatomy of 
Phoronis ; the left side of the body-wall and 
the lefb half of the lophophore is soppoeed 
to be cut away (after Benham). a oesopha- 
geal mesentery ; (^afferent blood Teasel ; ait 
anus ; 5 right lateral mesentery ; hw bodjr 
wall ; c rectal mesentery ; efferent blood 
vessel; ep epistome; gl glandular ridge 
and pit; irU intestine; U inner series of 
tentacles ; m mouth ; N nerve band ; n.r. 
right nephridial ridge ; ne.d left nephridial 
duct; ne/ large fUnnel of the left nephrf- 
dium; ne^ small ftinnel of the left 
nephridium; ne.o right nephridtopore ; o 
ovary ; oe oesophagus ; of outer tentacle; 
R rectum ; R.r rectal ridge ; i transverse 
septum ; it stomach ; tp tentacular vessel ; 
T testis. 


* Caldwell states that the epistome is derived from the preoral lobe of the 
larva, but this is inconsistent with the statement he also makes that the preoral 
lobe is swallowed and digested at the metamorphosis. 
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the anus, the whole of the aborol extension of the body being 
ventiaL The tentacles possess within the epidermis a ring of skeletal 
tissue of mesoblastic origin, and contain a blood vessel and an 
extension of the oral coelom. The body-wall consists of an ecto- 
dermal epithelium, a basement membrane, the usual two layers of 
musde, and internally the coelomic epithelium. 

The nerrons system lies in the skin immediately within the 
epidermis, and outside the basement membrane. Inere is a special 
concentration of it round the mouth in the form of a circumoral 
ring (N), which is enlarged on the dorsal side between the mouth 
and the anus into what may be called a dorsal or supra-oesophageal 
ganglion. This ring follows the curve of the lophophore near the 
base of the outer tentacles, and gives off nerves to the tentacles 
and kidneys. There are also two tubes lying in the skin, and 
extending aboralwards from the nerve ring along the insertion of 
the lateral mesenteries. These are probably large nerve-fibres com- 
parable to the giant-fibres of earthworms, etc. Some punctated 
nervous tissue lies internally to the tube of the left side. 

There are no organs of special sense. 

On the dorsal side of the base of the inner series of tentacles are 
two ciliated pits, which have been interpreted by some observers as 
glandular structures, by others as sense-organs (gl). 

The alimentary canal is a U-shaped structure occupying the aboral 

tension of the body. It presents four regions — the oesophagus; 
'he stomach (si), at the base of the proximal limb of Ihie U ; the 
intestine, or second stomach (ini) ; and the rectum, which leads to 
the anus. The walls of the stomach are glandular. 

The perivisceral cavity is entirely coelomic ; it is ^ided at 
the. level of the lophophore by a transverse septum (s) into a 
small oral section, which is continued into the epistome and 
tentacles, and a larger posterior (aboral) part in relation with 
the alimentary and other viscera. This septuia is perforated by 
the oesophagus, but not by the rectum, the anus being placed 
abotally to it. 

The posterior (aboral) section is further subdivided by longitudinal 
mesenteries, which run from the gut-wall to ;.&e body^woll. One of 
these is a median ventrcd mesentery (a and e) attaching the , outside 
of both descending and ascending limbs of ^^e aHinentary>canal to 
the body-walL Besides this there are . two lateral mesenteries passing 
from the oesophagus and stomach to the body'^wall ‘(!Flg.'4S8;'h). The 
body-cavity is thus divided into three chambets-^ ieotal ' chamber 
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lying between the right and left lateral mesenteries and containing 
the rectum, and a right and left chamber between the oesophageal 
and stomach part of the median mesentery and the right and left 
lateral mesenteries. As the lateral mesenteries end before the aboral 
apex of the body is reached, all three chambers are in communication. 
In addition to the mesenteries, bridles of connective tissue pass 
across the body-cavity from the body- to the gut-wall. The coelom 
contains a corpusculated fluid, in which the reproductive cells are 
often found floating. 

The vascular system consists of two main longitudinal trunks, 
one lying in the rectal chamber between the two limbs of the 
alimentary canal (a/), and the other on the left side of the oeso- 
phagus (qf). These vessels are contractile, and are continuous 
aborally; they both give bmnches to the gut-wall and gonads. 
Anteriorly they pass through the septum, and are both connected 
Avith the single vessel found in each tentacle. The blood consists 
of a colourless plasma, containing nucleated red (haemoglobin) 
corpuscles in suspension. 

The renal organs consist of two nephridia, which also act as 
generative ducts and open externally on each side of the anus. 
Each nephridium, after passing aboralwards through the septum, 
opens into the body-cavity by two openings. One of these — the 
smaller {ne ,/') — is into the lateiul chamber of the body-cavity, the 
other — and larger {ne,f ) — into the rectal chamber. 

Phoronis is hermaphrodite, and the gonads lie on the left side of 
the stomach in the aboral region of the body-cavity — the ovaries (o) 
on one side of the oesophageal blood vessel, and the testes (T) on 
the other. They consist of special developments of the coelomic 
epithelium overlying certain caecal branches of the oesophageal 
vessel. The reproductive cells are dehisced into the coelom, and 
pass out by the nephridia. 

Development. The eggs are small, and are probably fertilized 
externally. They undergo the first part of their development 
entangled in the arms of the mother. They are then hatched out 
as free-swimming larvae, which after a certain period of free life 
undergo a remarkable metamorphosis, and acquire the adult form 
and habit. The larva is called Actimtrocha. 

There is an invaginate gastrula, and the blastopore, which assumes 
a slit-like form, closes up behind, but remains open in front as the 
mouth. The anus is formed as a pit at the hind end of the closed- 
up portion. The mesoderm arises partly as cells budded off from 
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the endodenn on each side, and partly as a pair of diverticula from 
the anal pit. 

The fully-formed larva has a preoral lobe covered with cilia, a 
ventral mouth, and a posterior anus, and, like so many larvae, has 
a gelatinous, transparent appearance. The preoral \oho possesses an 
apical thickening of ectoderm — the larval ganglion — and in some 
species eye-spots. 

Behind the mouth there is a circlet of ciliated larval tentacles 


(Fig. 439, Lt), and behind these again the rudiments of tlie adult 
tentacles may be discerned. On the ventral surface behind the 
tentacles an invagination of skin is formed whicli projects into the 
body of the larva. There is a circlet of long cilia round the anus, 
and the cilia on the margin of the preoral lobe are longer than the 
rest, constituting a velar or preoral ring. It is this ring, combined 
with the preoral lobe and apical plate, which has led naturalists to 

regard Actinotro- 




clia as a modified 
trochosphere larva. 
But this type of 
larva is found in 
so many widely 
divergent groups 
{e,g, Mollusca^ 
Annelida^ Echino- 
dermata^ Entero- 
pneti8ta\ that too 
much attention 
must not be paid 
to it as a sign of 
phyletic affinity. 
In this connec- 
tion it should be 
noted that Ac- 
tinotroclia differs 
from the trocho- 


sphere of Molluscs 

fio. ^30. — < 1 , Metamorphosing Actinotrocha with ventral invagi- t ^ . 

nation evagInateU at S (after Schiieidor). a, anus with circle of AnnellCiS in 


cilia ; D intestine; Lt larval tentacles. Tlie preoral lobe Is the posscssin^acoelom 
jMTt of the larva above Lt (in the position of the drawing). It • xi j» ^ 
overhangs the month, whicli is on the right hand side of it in ^“6 foim Of twO 
the drawing, b, YoJing PhoronU (aaor MetschnIkolT). D intes- pairsof mesoblastic 

tine ; A anus ; T adult tentacles ; Vc circular blood vessel \ VI ^ 

longitudinal blood vessels, SaCS Wmclinot Ollly 
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constitute a body-cavity for the larva, but also give rise to the body- 
cavity of the adult Phoronis. 

After a certain period of free life the larva sinks to the bottom, 
and undergoes a sudden change of form and character which 
constitutes the metamorphosis. The ventral invagination becomes 
evaginated, and forms a tubular projection standing out from the 
ventral surface almost at right angles to the long axis of the larva 
(Fig. 439, a). Into this projection, which will constitute the 
body of the adult, and which soon becomes larger than the larval 
body, the alimentary canal passes and forms the U-shaped loop 
characteristic of the adult. At the same time the hind part of 
the larval body, or, as wo may now call it, the anal papilla, 
becomes less and less conspicuous, and eventually reduced to the 
anal projection of the adult. While these changes are going on, 
the preoral lobe with its ganglion and sense-organs passes into the 
stomach by the oesophagus and is digested. The larval tentacles 
likewise pass into the stomach. Meanwhile the adult tentacles have 
become fully formed, attachment effected by the aboral apex of the 
new body and the adult form acquired. 

Phoronis is exclusively a marine animal, and about 6 species are 
known. 

Phoronis S. Wright ; Fh. kippocrepia S. Wright, embedded in coral or lime- 
stone, Devonshire Coast, Firth of Forth ; Ph. kowalcvskii Caldwell, tubes coated 
with sand, Mediterranean. 

It has been suggested by Caldwell and others that Phoronis has affinities to 
the Polyzoa and to the Brachiopoda, According to this view in all these 
animals the dorsal surface of the body is reduced to the space between the 
mouth and the anus, and the prooral lobe of the larva almost or entirely 
disappears in the adult There is much to be said for this view, which is 
fully discussed under the two groups concerned (pp. 571 and 684). 

A. T. Mastennan has quite recently (Q. J, M. 40, 1897, p. 281) endeavoured 
to show that Actinotrocha has Enteropneust features.^ The principal data upon 
which he bases his view are partly new and partly old. The old are the presence 
of two glandular pockets opening into the anterior end of the stomach, which 
he identifies as a double notochord ; on what substantial grounds it is difficult 
to see. The new data are (1) the presence of three sections of the body-cavity; 
(a) one, unpaired, situated in the preoral lobe and opening to the exterior by 
two pores placed on each side of the preoral ganglion, (5) a second chamber— 
which he calls collar body-cavity— divided by a dorsal mesentery but not by a 
ventral, and opening to the exterior vcntrally by a pair of nephridial tubes; 
and (c) a posterior chamber divided by a ventral mesentery and possessing paired 
nephridia or the rudiments of them. (2) The presence of an ectodemral pit in 
front of the preoral ganglion, which he calls the neuropore ; and (8) the presence 
of an ectodermal pit on the ventral side of the preoral lobe, the opening of 
which shifts into the stomodaeum, and which he calls the subneural glan4* 
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Of these new facts the second and third derive any importance they may have 
in the discussion from the names which Masterman has given them. The state- 
ments under ( 1 ) are more important, but they are supported by evidence which 
is very insufficient when one remembers the size of the edifice which he erects 
upon them ; s.^., the external openings of his prol)08cis pores are not shown in 
section, nor is either of the openings of the collar nephridium. Further, one 
sees no reason for speaking of a collar region of the body ; and lastly, the 
development of these most important s|>aces has not been examined. All we 
know on this subject is based on CaldwelPs observations that there are two pairs 
of coelomic cavities in the embryo. The method of development of these spaces 
in Actinotrocha is a highly important one from Masterman’s point of view, and 
should, in our opinion, have been examined by him. For, in the Balanoglosmi 
larva, the collar coelom and the trunk coelom are paired, whereas the spaces in 
Aclinotrocka with which he compares them are not paired, but, however they 
may arise in the embryo, are continuous in one case dorsally and in the other 
ventrally to the alimentary canal. 
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Phylum POLYZOA.* 


Small animale usually united together in colonies. With ciliated 
tentacular crown, Ki-shaped alimentary canal, and simple ganglion. 
With coelom, but toithout vascular system. Asexual rej^odwtion by 
budding always found. 

The Polyzoa (J. V. Thompson) or Bryozoa (moss-like animals) as 
they are sometimes called (Ehienberg), are with rare exceptions 
{Loxosoma) colonial in habit. The colonies, which may present a 
superficial resemblance to colonies of Hydroids, may hare a foliaceous 
or dendritic appearance, or they may form crusts on the surface of 
foreign objects. The erect forms may have a calcareous ectocyst, 
and be rigid, in which case owing to their brittle character they 
are not found between tide-marks ; or they are flexible. Flexibility 
may coexist with a calcified ectocyst, but in this case there are 
homy joints at intervals. In such jointed colonies the part between 
any two joints is an intemode. 

The individual sooids of the colony (Fig. 440) are small polyp- 
like organisms, and usually possess a homy, or coriaceous, frequently 
calcareous, rarely gelatinous exoskeleton, which is really the cuticle 
of the zooids, and is secreted by the ectoderm. This cuticular layer 
is called the ectocyst, and the case formed by it is the celL 

The soft part of the body-wall, which consists of ectoderm and 
mesoderm, lies close beneath the ectocyst, and is called the endceyst. 
The ectocyst and endocyst together constitute the zooeciiiin ; while 

* T. Hinoka, History of the British Marine Polysoa," London, 1880, 
2 vola. Q. J. Allman, Monograph of Fresh-water Polysoa, Ray Society, 1868. 
G. Busk, “Report on the Polyzoa,” OhaXlengsr Reports, vols. 10 and 17, 1884 
and 1888. E. Eraepelin, " Die Deuteclien SUsawasser-B^osoen,” Ahh. Katur- 
wiss. Ver. Hamburg, Bd. x., 1887, and Bd. xii., 1892. F. 0. Jelly, Synenymie 
Catalogue of the ReeerU Marine Polysoa, London, 1889. S. F. Harmer, “ On the 
Nature of the Excretory Prooeases of Marine Polyzoa,” Queui. J. Mie. 8ei., 
vol 88; and “On the Ooonrrenoe of Embryonic Fission in Gyelostomatoos 
Polyzoa," Ibid., vols. 84 and 89, 1898 and 1898. S. F. Harmer, ^‘Polysoa," in 
the Cambridge Natural History, London, 1898. 
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the alimentary canal and tentacles are called the polypide (for 
origin of this absurd nomenclature see below, p. 555), The cell 
at, or near, its anterior end has an opening called the orifice^ 
through which the anterior part of the zooid can be protruded and 
retracted. This anterior invaginable part of the body, which carries 
a crown of tentacles, is also covered by cuticle, which is continuous 
with the stiiBFer ectocyst at the orifice, but distinguished from the 
latter by its softness and flexibility. At the orifice the body-wall 
(with its soft cuticle) is invaginated inwards, and passes thence on 
to the anterior and extrusible part of the body. In many Polyzoa 

this reduplication of the body- 
wall is present even when the 
zooid is protruded (Fig. 440). 
The greater part of the. anterior 
region of the body, with its 
crown of tentacles, can however 
be protruded from the cell and 
retracted into it again by special 
muscles — the parieto-vaginal and 
the retractm* muscles — which tra- 
verse the body-cavity (Fig. 440). 
That part of the body-wall which 
encloses the space in which the 
tentacles lie when completely 
retracted is called the tentacle- 
sheath. 

In the Cheilostormta there is 
a movable chitinous lid, the 
opmxulum^ which can shut down 
over the orifice. Sometimes the 
ectocyst is raised into a ridge — 
the peristome — round the orifice: 
the tube thus formed is the secondary orifice, Zoarium is the term 
applied to the whole colony. The tenm ooecium or ovicell is 
applied to the receptacles in which the ova undergo their develop- 
ment. The ooecia are of very different kinds : in the Cheilo- 
stomata they ai^e merely pouches of the zooecia into which the eggs 
pass. In some— if not all — Cydostomata (Crista) they are special 
zooecia in which the polypide is rudimentary or degenerates. This 
is probably the case with all ovicells in the Cydostomata^ but it has 
not been proved in all cases. In Phyladolaemata^ in which the 



Fio. UO.^-^PlumaUVa repem (after Allman). 
T tentacles; 7. lophophore; Oe oeso* 
pbagtiB ; A anas ; Mg stomacli ; F funi- 
eulQs; St statoblasta; Tb tentacle 
aheath; Bk ectocyst; Bn endocyst; 
Gg ganglion ; Pvbi parieto-vagioal mus- 
cles; Rm retractor mnscle. 



POLYZOA. 


551 


body-cavitios of the zooecia are in wide communication, a rudimentary 
polypide bud is formed near the ovum. This passes round the egg 
and invests it, but remains rudimentary. In the CtenoBtomata the 
eggs develop in the tentacular sheath or in the sea. 

The body-wall consists of cuticle, ectoderm, and a delicate 
layer of cells which line the body-cavity. The peritoneal cells 
are ciliated in the Phylaetolaeinata^ in which group there is also 
a thin muscular layer in the body-wall. 

The mouth is placed at the anterior end of the body in the 
midst of the circlet of ciliated tentacles, and the disc bearing it and 
the tentacles is called the lophophore (Fig. 440). The lophophore 
is either circular {Gyinnolaemata\ or is drawn out into two lobes 
(horseshoe-shaped lophophore, Fig. 441, Phylactolaemata)^ and the 


tentacles are set along its 
edge. The latter are simply 
hollow processes of the body- 
wall; they are provided with 
longitudinal muscles, and 
their cavity communicates 
with a circular canal which 
surrounds the body at their 
base. This canal communi- 
cates with the body-cavity 
in the Phylactolaemata^ but 
is separate from it in the 
Gymnolaemata, The tenta- 
cles serve both for procuring 
food (setting up by means 
of their cilia whirlpools in 
the water) and for respira- 
tion. 

The digestive organs lie 

freely in the body-cavity, 



Fic. 441 .—Anterior part of the body of lopKopus 
(from Lang, after Allman) from the right side. 
t tentacles cut off near the base ; o mouth ; ep 
epistome; $t pharynx; ga ganglion; an anus; 
jpr rectum. 


and are attached to the body-wall by a mesodermal reticulum which 


traveraes the hody-cavity. The term funiculus is applied to one 
or two special strands (Fig. 440, F) of this tissue. The mouth is 
placed in the centre of the circular or horseshoe-shaped .lophophore, 
and a movable epiglottis-likc process, called the epistome, is in the 
fresh-water forms placed on the domal side of it, and projects 


over it. 


The alimentary canal is bent on itself, and consists of (1) on 
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elongated ciliated oesophagus, often dilated at its upper end into 
a muscular pharynx ; (2) a spacious stomach with a blind backward 
prolongation, the hind end of which is attached to the body-wall 
by the funiculus ; and (3) a narrow intestine which is bent nearly 
parallel with the pharynx, and is directed upwards, The intestine 
opens by the anus, which is placed either within the tentacular 
circlet (JErdoproda^ or near but outside it on the body-wall {Edo- 
proda^ Fig. 440). The anal side of the body is called the dorsal 
side. In the Phyladola,ernata the epistome and concavity of the 
horseshoe lophophore are dorsal. 

The nervous system consists of a ganglion placed on the oeso- 
phagus between the mouth and the anus (Fig. 441, ga). It lies 
in the space (ring-canal of lophophore) already described (p. 551), 
which surrounds the oesophagus and is developed as a part of the 
body-cavity. In the Phylodolaemata the ganglion is placed in 
the concavity of the lophophore, and is attached to the oesophagus 
by a delicate circumoesophageal ring: it contains a cavity which 
arises as an ectodermal pit in the bud, and it sends off numerous 
nerves to the tentacles and oesophagus. According to Fr. Miiller 
there is in Serialaria {Zoohotryor!) a so-called colonial nervous system 
which connects the individual zooids of a colony, and enables them 
to coordinate their activities. Claparfede describes the same in some 
forms. Special organs of sense have not l^een recognized. 

Heart and vascular system are absent. The body-cavity is 
absent in the Entoproda, In the Edoproda it is spacious and 
filled with fluid, and its lining gives rise to the generative cells; 
it is therefore to be regarded as coelomic, which view of it is justified 
by the iniertentacular organ of the Edoproda, This is a fine 
ciliated tube leading outwards from the body-cavity, and opening 
externally between two of the tentacles on the anal side of the 
lophophore. It is not found in all specimens, and, according to 
Prouho, only in individuals containing an ovary. It functions as 
an oviduct, and probably also as an outlet for the sperm. 

The body-cavity is divided, as stated above, into two parts, (1) the general 
body-cavity and (2) the ring-canal of the lophophore which is prolonged into 
the tentacles. The ring-canal is completely shut off from the general body- 
<5avity in the Oymmlaemata^ but in the Phylactolaemata the two are in 
communication on the dorsal (anal) side of the lophophore except in the middle 
line, where the ring-canal is cut off from the general body-cavity by the 
prolongation of the latter into the epistome. For the epistome of the Fhylac- 
iolaemala is hollow and contains a prolongation from the general body-cavity 
which is continued dpwards into it as a tube which passes on the anal side 
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of the ganglion^ between the ganglion and the median dorsal part of the 
ring-oanal. In tlie PhylcuioUiemata this median dorsal part of the ring-canal 
communicates with the exterior by a pore which together with some columnar 
ciliated epithelium of the adjacent parts of the ring-canal constitutes the 
so-called nephriditun.* In some Oymnolatmata the intertentaenlar organ 
opens externally in a corresponding position, and internally into the body-cavity. 
Into what part of the body-cavity the intertentaenlar organ opens is not clear 
from the accounts available, but presumably into the general body-cavity, for 
it is said to form an escape-duct for the ova. 


The zooids are usually hermaphrodite. The testes are developed 
either on the upper part of the funiculus, or near the point of 
attachment of the latter to the body-wall. The ovaries are placed 
on the body-wall near the anterior end of the zooecium. Both kinds 
of generative cells are dehisced into the body-cavity. There do not 
appear to be any special renal organs, 
unless the intertentaenlar organ be such, 
and the fine ciliated canal of the Entoproetcu 

Many forms of Polyzoa present examples 
of a well-marked polymorphism. In Zooho- 
iryon and its allies the joints of the stalk 
represent a special form of individual ; they 
have a considerable size and a simplified 
organization, and serve as the ramified sub- 
stratum on which the nutritive zooids are 
placed. In addition there are here and 
there joints of the roots, which, under the 
form of tendril and stolon-like processes, 
serve to attach the colony. The stalk of 
KinetosTcias is a modified stalk-zooid. In 
addition to these stem- and root-forming 
zooids, there are the peculiar avicularia 
(Fig. 442) and vibracula (Fig 443). These 
are only found in the Cheilostomaia. They 
are both modifications of an ordinary zooe- 
cium, with the operculum as the mandible 
in the one case, and as the lashing filament 
in the other. A fully-developed avicularium 
resembles a bird’s head ; the upper beak is hooked, and the lower 
one, or mandible, is spiked. There is a strong adductor muscle 
arising in the ‘‘head” of the avicularium, and inserted into the 

* Verworn, Z, /. w. Z,^ 46. Braem, Bibliotheca Zoclogioa^ Heft 6. Cori, 
Z. U V* Oka, JmmaX Coll Sci. Japan, 6. 
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middle of the mandible; the contraction of this muscle causes 
the lower jaw to close upon the upper, and there are two small 
muscles which bring about the opening. 

There are all stages between such an avicularium as that just 
described, and a small zooecium with a movable operculum. From 
Flustra fdliacea^ 'CeUaria^ etc., in which the avicularium occupies 
the place of an ordinary zooecium (vicarious avicularia), we pass 
through stages in which the avicularium, though still a recognizable 
zooecium, has lost the place of a zooecium in the colony, and is 
attached to some part of an ordinary zooecium (adventitious) until 
we reach the highly specialized form just described. 

Vibracula (Fig. 443) are merely avicularia with the beak much 
elongated, as a long whip-like seta, which has the power of sweeping 

through the. water. The function of 
avicularia is obscure. They have been 
observed to seize small organisms, e,g. 
worms, and to hold them until they 
are dead ; the decomposing organic 
remains may possibly be swept into 
the mouth by the currents caused by 
the cilia of the tentacles. 

Finally there are the ovicolls of 
some Cyclostomata (see above, p, 550), 
which are zooecia with a vestigial 
polypide.* 

The form of the cells, and the 
manner in which they are connected 
tether, are very different in the different groups, and give rise to a 
great variety in the form of the colonies. The zooecia are usually 
completely cut off from one another, though the soft parts are 
continuous through pores in the ectocysts of adjacent zooecia {fpiette 
pUUeSf eommunication plates). In the Phylactolaemata the body- 
cavities of neighbouring zooecia are in open communication. These 
two conditions result from the manner of budding : in the first case 
the bud, which arises as an outgrowth of the body-wall, becomes 
completely cut off by an ingrowth of body-wall ; while in the second 
no such partition is formed, so that the body-cavity of the whole 
colony is a single, continuous space. 

The brown bodies, which are present in most colonies of the Pclyzoa^ 

* In some Cydostomes {Liehenqpora^ etc.) the polypide is folly formed and 
fonotioiisl in Jhe young ovicells. 
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consist of brown pigment masses contained in the zooecia, and aie 
derived from the breaking down of the tentacles, alimentary canal, 
and nervous system of the polypides. A new set of these organs 
may be formed from the persistent body-wall of such partially 
degenerated polypides, as an internal bud. The brown body finally 
breaks up, and its pigments may pass into the new stomach and so 
out by the anus. It is this degeneration of the tentacles, digestive 
organs, etc., and the subsequent acquisition of a new set by growth 
from the body-wall, which gave rise to the idea that the sooid of a 
Folyzoan colony really consists of two individuals — one the poly- 
pide, and the other the zooecium or house of the polypide, which 
has the power of budding new polypides (tentacles, alimentary 
canal, etc.). 

Tlie funicular tissue contains numerons transparent cells with processes, by 
means of which they are suspended in the funicular network. They may be 
faintly yellow in colour, and are regarded as excretory* in function. As there 
is no organ for the ejection of such excreted matters to the exterior, it is 
supposed that the disruption of the internal oigans resulting in the formation 
of the brown bodies, and the subsequent ejection of the latter throu^ the 
alimentary canal of the new polypide, are the means by which excretory producta 
are removed from the colony.f 

Beprodnetion is partly sexual and partly asexual; in the latter 
case it may be effected by the so-called 8tatobUut$ or by budding. 
The generative cells are products of the coelomio lining {vide p. 553), 
and are dehisced into the coelom. 

The name statoblast (Fig. 444) was given by Allman to certun 
peculiar reproductive bodies which were formerly regarded as hard- 
shelled winter eggs, but by him 
were recognized to be multi- 
nuclear and of the nature of 
internal buds. These statoblasts 
are found only in the Phylaeto- 
laemdta : they arise from masses 
of cells which appear, mainly 
towards the end of summer, on 
the funiculus (Fig. 440). They 
usually possess a lens-like, bicon- 
vex form, and are enclosed by 

* S. F. Hannor, "On the Natute 
Polyzoa,” <3. J. M. S., 88, p. 128. 

t Qf. Tunicatea, iu which there ia no apparatus for voiding the excretory 
concretions which are stored in vuious parts of the body. 



Fio. 444.— Statoblasta of OiiilaUBa muetio 
(ftom Alliiuui)i. 0 , Ilrom the soraMe 
from the side. 


of the Excretoiy Processes of Marine 
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two watchglassHshape4, hard chitittous shells, the edges of which are 
usually enclosed by a flat ring foltned of cells containing air (float), 
and sometimes provided with a crown of projecting spines (Fig. 444). 
The F%ylad(Aaematt^ generally die down in the winter, and the 
statoblasts, which germinate in spiring and give rise to new colonies, 
serve the purpose of perpetuating the species. In the fresh-water 
Ctenostomes, Paiudiedla and VietoreUay the colonies also die down in 
winter, and the species is continued by means of certain external 
buds, which are arrested in development and last through the winter: 
they are called hlberpftcola. In some cases ((kistatdla, Lophopus) 
parts separated off from the colony are able to develop into new 
colonies, and in Lophopus the cClouies divide spontaneously. 

The Polyzoa are for the most part marine organisms. They are 
found between tide-marks, and on the floor of the ocean to a depth 
of 3000 fathoms. Cheilostomata only ore recorded from depths of 



Fio. Lam of ScrupoMaria reptans. h, Larva of Schigopot'ella (after Barrels). Cb 

ciliated disc. 

over 3000 fathoms; Cydostomata are found in depths of 1400 
fathoms and less. Ctenostomes are mostly found in depths of less 
than 40 fathoms. 

One order — the Phylactolaemata — is exclusively fresh-water, and a 
few fresh-water forms are known in the Qymnolamaia. A few forms 
are phosphorescent. Some forms {Terebripora) excavate passages in 
the shells of Mollusca ; and Hypoplwrdla is found in passages in the 
tubes of Lmiee and Chadoptenu, 

The eggs of the Eetoprocta are sometimes laid and develop freely 
in the sea {JSypophordla expantOy Alcyonidium albidumy Membrani- 
pora pUotOy Farrdla repem). But more often the early stages of 
development take place under the protection of the parent ; either in 
the tentacle-sheath (some Ctenostonuzta)y or, in many Cheilostoniatoy 
in a pouch of the zooecium ; or in special zooecia {ooeeia)y of which 
the polypide is rudimentary or degenerate {Cycloriomata) or in a 
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rudimentary polypide hud {Phylactolaematay see p. 651). It is not 
certain where fertilization is eirectcd, but it is generally described 
as taking place in the lx>dy-cavity, and the eggs or larvae escape 
either by the intertentacular canal, or by the rupture of the body- 
wall of the parent, or by the degeneration of its polypide. In 
Ahyonidium duplex the sexual zooecia possess two polypides; the 
first of these produces spematozoa and then undergoes disruption 
into a brown body, whereupon a second polypide is formed which 
produces ova. 

In the oviparous forms, to whatever sub-order they belong, in 
which the early 


development takes 
place in tlie sea, a 
free-swimming larva 
with a functional 
alimentary canal ia 
rapidly produced. 
This larva has, gener- 
ally sj^eaking, always 
the same form, and 
is called Cyphonautes, 
On the other hand, 
in all forms in which 
the early stages are 
passed through under 
tlie protection of the 
parent, the larva is 
without a functional 
alimentary canal, and 
theotlier larval organs 
present varying de- 
grees of development 
in different cases. 



Fig 440.~>Opiical section of a CyphonauUs (Urva. of Mem- 
hranipora or of AlqfonidUm alhidum), (From Perrier, after 
Prouho.) ad adhesive or^sn ; eoa anterior, cop posterior part 
of the ciliary ring (velnin) ; ccq chili nous valves of the shell ; 
€X ectoderm ; ts stomach ; /a anterior pit ; /c cavity of pyri- 
form organ ; ma adductor mnscls of the shell-valves ; mn 
musculo-nervous tract; db aboral disc; or entry into oeso- 
phagus; pharynx; pi pyriform organ; p( vibratile tuft 
of pyriform organ ; q horns of the adhesive organ; r rec- 
tum ; va anterior, vp posterior chamber of vestiWie. 


Cyphonautes (Fig. 446) has the fonn of a laterally compressed 
bell with a circle of cilia round the base. The base of the bell is 


the ventral surface ; it has two openings both enclosed by a special 
lobe of the ciliated ring. " The larger and posterior of these leads 
into a (loj>ression called the vestibule; the smaller and anterior into 
an ectodermal depression called the pyriform organ {pi). The vesti- 
bule is divided into two parts, the anterior chamber (m), at the 
bottom of which is the mouth, and a posterior chamber (vp), into 
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which the rec- 


tum (r) opens. 
The alimentary 
canal consists of 
the pharynx (pA), 
oesophagus, sto- 
mach (es) and 
rectum (r). Just 
in front of the 


anus on the floor 


of the vestibule 


there is an in- 
vagination of 
thickened ecto- 


derm ; this is the 
adhesive organ 
{ad)y by which 
the larva attach- 


es itself. There 


Fig. 447.— a, larva of A kyonidium wytili (aftor Hairots). J?, diagram 
of longitudinal section through the larva of Alcyonidium (after 
Harmer), both from Korschelt and Hoider. c cells of the velum ; 
g ganglion (? cerebral) in connection with the ciliated disc and 
pyriform organ o; m month; p mantle-groove; r ciliated disc; 
s adhesive oi^^ao (sucker). In these dgures the oral surface is 
directed downwards, whereas in Figs. 445 and 446 it is upwards. 


are two shell- 
plutos placed 
right and left 
on the aboral 
surface. They 



Fio. 448.— A, larva of Bugvla flumom (after Barrois). P, diagram of median section through 
a larva of Buguia (after Vigelins), both from Korschelt and Heider. c cells of velum ; 
c groove of pyriform organ ; / internal tissue of the larva ; o pyriform organ ; p mantle^ 
groove ; r ciliated disc ; s adhesive organ or sucker. 
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meet in front and hehind, but gape ventrally. At the aboral apex 
there is an opening between the two valves, through which a ciliated 
disc (oh) projects. 

In the larva of Alryonidium mylili (Fig. 447) we find all the parts 
present in Cyphonaviesy except the bivalve shell. But it must be 
noted that the alimentary canal is partly alx)rtcd, there being no 
rectum or anus. 

Also the aboral M 


structure (/*) which 
corresi)onds to the 
ciliated disc is 
larger, and sur- 
rounded by a 
groove called the 
niantle-groove (/>). 

The larva of 
Flmtrdla is inter- 
mediate between 
the above forms; 
it has the shell 
plates but not the 
complete aliimm- 
tary canal. 

Finally, in some 
Cheilodomafa the 
specialisation of 
the larva is carried 
still further in the 
great development 
of the ciliary circle, 
and in the absence 
of an alimentary 
canal. In these 
larvae (Fig. 448) 
there is a pyri- 
form organ (o) 
with its tuft of 



Fio. 440.— Metamorphosis of (he larva of SchizoportUa (?) uni* 
cornis (after Barrois, from Korschelt and Ifeider). A, first 
stage of the metamorphosis, showing the evagi nation of the 
adhesive organ s. B, next or sO'Called nmhrella siage; the 
velum has spread out and become bent towards the sucker, 
giving the umbrella shape, c cells of velum ; o pyriform organ ; 
p mantle-groove ; r ciliated disc ; s evaginated sucker ; v vesti- 
bule or concavity of umbiella— the edge of the umbrella 
cveiitually applies itself to the sucker, and the inner walla of 
the umbrella fuse and disappear ; x unkiiowu organ. 


cilia; an adhesive organ (k), an aboral, ciliated disc (r) surrounded 
by a mantle-groove {p)j but there is no trace of alimentary canal, 
moutli, or anus. 

After a certain duration of free life, the object of which is to 
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distribute the species, the larva conies to rest and attaches itself to 
some foreign object. The attachment is etfected by the ventral 
adhesive organ, which is evaginated and applied to the substratum 
(Fig. 449). At the same time the larval organs are in process of 
disappearance. The alimentary canal, if present in the larva, totally 
disappears, and is in no way concerned in the formation of the 
digestive tube of the adult. The pyriform organ and the velum 
share in the general fate, and the larva becomes reduced to a layer 
of epithelium surrounding a central mass of cells and broken-down 
larval organs. > 

The attached organism is now called the primary zooecium, and 
the degenerated larval organs in its interior constitute the first brown 



Fio. 450.— Two stages of the primary sooeelom, showing the development of the first polyplde 
of BugtUa caUUhiM (after Vigelfua, from Korschelt and Holder). Af invagination of ectoderm 
for the formation of the vesicular rudiment of the first polypide ; 2> celU of the inesodenn 
of the future polypide ; € ectoderm. B, eomewbat older stage, showing the two-layered 
vesicular rudiment of the first polypide ; a ectoderm lining the vesicle ; h mesoderm, 
la .4 the internal mass resulting (tom the degenerated larval organs is omitt^. 


body. The next stage consists in the invagination inward of the 
aboral ciliated disc* (Fig. 460 a) ; the pit so formed becomes 
converted into a vesicle (Fig, 460 B), round the walls of which 
some of thc^ internal cells arrange themselves. These latter give 
rise to the mesoderm of the future polypide, while from the lining 
cells of the vesicle, which are ectodermal in origin, are developed 

* According to Prouho the aboral disc, after invagination, shares the fate of 
the other larval or^ns, and the poly|)ide rudiment is derived from an invagina- 
tion of ectoderm of the primary zooecium, or it may be a new formation possibly 
firom the internal tissue. 
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the lining of the alimentary canal, the ganglion, and the covering 
of the tentacles and the tentacle-sheath (Fig. 461). 

The muscles, funiculus, and somatic mesoderm of the animal are 
derived from other cells of the internal mass, while the body-cavity 
comes from the space in the same mass. 

In the Phylaetolaemata the embryo develops in the brood pouch 
into a vesicle, the outer wall of which is ectoderm, the inner 
mesoderm, and the cavity coelom. The larva which issues, 
either by the degeneration 
of the polypide or the open- 
ing out of the zooecium, is 
covered with cilia by means 
of which it swims. It is the 
primary zooecium: during its 
free-swimming life it develops 
a complete polypide, or it may 
be two polypides {Plurruitella\ 
or even a greater number 
{Qri8iatella\ before fixation 
takes place ; thus differing 
from the primary zooecium 
of the Gymnolaematay which 
does not develop the polypide 
until after fixation. As in other 
forms, an invagination occurs, 
from the walls of which the polypide is developed, t.e. the lining of 
the alimentary canal,* the covering of the tentacles and tentacle-sheath, 
and the nerve ganglion are alike derived from so-called ectoderm. 

From the foregoing account a certain number of conclusions may 
be drawn. (1) The free-swimming larva of the Ectoyrocta is a 
trochosphere with a preoral ciliated ring, and an apical sense-organ — 
the aboral disc, t (2) The larva attaches itself by its oral face, and 
becomes the primary zooecium. (3) The larval organs disappear in 
the primary zooecium. (4) The formation of the adult organs 
(except the body-wall) is either to be looked upon as a case of 



Fio. 451.>-Diagram showing the developing tint 
polypide in connection with the wsU of Uie 
primary zooecium. a anus; d rudiment of 
stomach ; ee wall of primary zooecium (endo- 
cyst); m mouth; n rudiment of ganglion; 
r retractor muscle; t tentacles; i$ tentacle- 
sheath. (Prom Korschelt and Heider.) 


* In a recent work on the development of Plumatella (Leuckart and Chnn’g 
Bibliotifsca Zoological heft 28, 1897) Braem states that endoderm tissue can 
be made out in the embryo. 

t It is not quite certain that the aboral disc is^ the apical plato, but if 
Hamier’s observation that it is connected with nerve tissue (Fig. 447) is correct, 
and further, if Prouho is right in describing its degeneration in the primaiy 
zpoecium (Note, p. 560), this conclusion may reasonably be drawn. 

a 0 
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1iud<liikg from the primary zooccium, or as a process of mota- 
morphosis in which the larval organs undergo degeneration and 
new formation in consequence of the extensive changes compressed 
into the metamorphosis. Until this point is settled it is inq)ossible 
to relate with eertainty the adult organs and surfaces to those of 
the larva, because of the extensive degenerative changes and new 
formations which take place at the metamorphosis. 

If the formation of the first polypide is a case of budding, 
we ought, in determining the homologous surfaces of the primary 
zooecium and first polypide, to attach no more importance to the 
fact that apparently the oro-anal surface of the first polypide is 
derived from the ahoral surface of the larva, because it is foimed 
from it* than we should to the fact that in a bud developed from the 
dorsal surface of the adult, the oro-anal surface of the budded form is 
derived from the dorsal (aboral) surface of the parent. Consequently 
the argument of Korschelt and Heider, which is based iijKin this 
consideration, and from which they deduce most far-reaching con- 
sequences, that the oi’o-anal line of CypTionautes and other Ectoproct 
larvae is really dorsal — has no value. Moreover, on the same 
hypothesis, the fact that in the formation of the first polypide the 
ectoderm of the primary zooecium apparently gives rise to the 
alimentary canal — has no more importance than a similar plienomenon 
would have in ordinary gemmation, in which the value of the layers 
is not the same as in embryonic development. 

It most be noted here that in the embryonic origin (not descril>od in this work) 
of the larvae of the Ectoproda without alimentary canal, the endoderm is, in 
some cases, not formed at all ; th^ internal tissue being, to judge by its fate, 
entirely mesodermal, and any cavity in it entirely ooelomic (vide especially the 
larva of Phyla€tol<um(Ua)* The endoderm appears only in the first bud, and is 
in that derived from esioderm. 

Finally, to sum up the matter, if the larva is a trochosphere and 
the ciliated disc an apical plate, and if we regard the fonnation of 
the first polypide as a case of budding from the primary zooecium, 
which is the metamorphosed larva ; and if moreover there is in the 
Pclyzoa^ as there is in other animals, an homology between the 
mouth and anus and ventral surface of an organism produced by 
budiiing and the corresponding structures in the parent organism; 
then it follows that the oro-anal line of the Ectoprocta is ventral, and 
the ganglion a suboesophageal ganglion, and to bo compared to the 
suboesopln^eal ganglion of other types: that is to say, it is not 
dorsal as might be surmised from the terminology applied to the 
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parts in the adult (see p. 662 ), On the other hand, it may bo 
argued with equal force that the oro*anal surface of the adult is 
equivalent to the dorsal surface of the larva, for the larva attaches 
itself by a sucker on the ventral surface tween the mouth and 
anus. In tliis case we should have to regard the formation of the 
iirst polypide as a case of larval metamorphosis^ comparable to that 
of a holometalKiloiis insect, in which the changes are so extensive 
that many of the larval organs degenerate completely, and are re- 
formed in the imago. If this view is correct the reduction of the 
dorsal surface and the approximation of the mouth and anus in 
tlie adult as compared with the larva, would be comparable to the 
phenomena wliich take place in Actinotrorha at the metamorphosis 
into the adult Phoronis, On the whole we are inclined to the view 
that the first polypide is formed by budding from the primary 
zooecium, wliich is the metamorphosed larva, and that consequently 
the ganglion of tlie Polyzoa is really a ventral, suboesophageal 
ganglion, and that the surface between the mouth and anus of the 
adult is the ventral surface, and comparable to the surface on which 
the mouth and anus of the larva are placed. In coming to this con- 
clusion we attach great imporUince to the fact that the formation of 
the first polypide from the primary zooecium is closely similar to the 
budding which takes place in the formation of the adult colonies. 

Before leaving the subject of the development of the Ectoprocta^ 
attention must be called to a most important process of embryonic 
fission discovered by Harmer in the Cyclodomata. In this sub-order 
the ovicell is a zooecium with a rudimentary polypide (Orisia), in 
the funicular tissue of which the ovum arises. Fertilisation has 
not been observed, but the alimentary canal of the polypide grows 
round the egg and forms a multinucleated follicle for it. The 
ovum segments and becomes a multinucleated mass, in which cell 
limits cannot be seen. This buds off small pieces, which Ijecome 
ciliated, escape from the zooecium in a manner not clearly ascer- 
tained, and swim away as ciliated larvae. 

Asexual reproduction by budding is of course a most important 
process in the Ectoprocta. As shown alx>ve, it l^egins even in the 
larva, and is a marked feature of the metamorphosis ; and the forma- 
tion ^of the colonies is entirely due to it. Indeed, we may say that 
the Ectoproda resemble the Siphonophora and other Coelenterates in 
possesding that power of multiplication and of differentiation of parts 
{e.ff., avieularia, etc.) which is so preeminently a characteristic of the 
vegetable kingdom. 
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The actual process of budding appears to be similar to the process 
by which the first polypide arises from the primary zooecium, that is 
to say the budding polypide is derived from a two-layered vesicle 
attached to the inner side of the body-wall of the parent zooecium. 
The inner wall of this vesicle is formed from the ectoderm, and 
gives rise to the alimentary canal, ganglion, and covering of the 
tentacles and tentacle-sheath of the new form, while the, outer wall 
constitutes the mesodermal structures of the new polypide. The 
endoderm does not take part in the gemmation of the Ectoprocta. 

Glass L ECTOPROCTA. 

Anus outside the tentacular circlet. 

This group includes by far the greater number of the Polyzoa, 
and their structure has been specially referred to in the precedent 
description of the class. The anus always opens outside the ring 
of tentacles, which are either arranged in a circle {Gymnolasmaia) 
or on a two armed horseshoe-shaped lophophore. The coelom is 
well developed, and the reproductive cells are developed from its 
lining. 

Order 1. Gtmnolaimata. 

Edoprotta with circular lophophore^ withoiU epietome. 

The OymnoUieTaata are, with, a few exceptions, marine forms. Alcyonidmm 
and Bowerhafikia are found in estuaries, and Victorella and Palvdicclla are only 
known in fresh or brackish water. Statoblasts are never found ; but in the 
fresh-water forms the whole colony dies down in the winter with the exception 
of certain external buds, which are called hxberruicula and give rise in the spring 
to new colonies. 

The cuticle is sometimes horny, and sometimes encrusted with calcareous 
matters, over which a layer of cells may even extend. The zooecia present 

great variety of form. 

Sub order 1. CHXILOSTOMATA. 

The orifice of the zooecium can be closed by an operculum. Avicularia, vibra- 
cula, and ovicells are often present. 

Tribe A. CELLULAEIKA. With corneous or corneo calcareous infundibuli- 
form cells, vLe inferior part of which below' the aperture is tubular or obconic. 

Fam. 1. Aeteidae. Zooecia tubular, with a lateral membranous area; 
orifice terminal Tcntacle-sheath terminating above in a circle of setae, which 
are everted during the expansion of tb ? j»olypide. Aetea Lamouroux. 

Fam. 2. Xaerateidae. Zooecia uniserial, or in two series placed back to 
back, wilk a terminal or subterminal and usually oblique aperture. Avicularia 
and vibMtnla absent. Zoaria as slender, branching, pbytoid tufts. Eucralea 
Lamx.; 0omellaria Sav.; Scruparia Hincks; Huxley a Dyster; Bretiia Dyster; 
Pasyihea bamx. 
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Fam 3. Chlidoniidae. Zooecium composed of upright, free, ssgmsntsd stsms 
springing from a stolonate network. Zooooi»bicamerate; unarkied. Chtid'oiiia 
Sav. 

Fam. 4. Catenariidae. Zooecium radicate, segmented; inlsruodos sx^t 
at a bifurcation formed of a single zooecium. Calenicella Blainv. ; C^mlmaria Say. 

Fam. 5. Cellnlariidae. Zooecia in two or more series, closely iMiitsd and 
ranged in the same plane ; avic. and vibrac., or avic. only, almost always present 
and sessile. Zoarinm erect, dichotomously branched. Cellularia Pall. ; Menipea 
Lamx. {Emma Gray); Scrupoullaria y. Ben.; Caherea Lamx.; Cainda Lamx.; 
Nellia Busk. 

Fam. 6. Bieellariidaa. Zooecia rather loosely united in two or more series, 
or dicjanct; obconic or boat-shaped; the aperture usually occupying a large 
proportion of the front Avic. when present, capitate, pedunculate, and jointed. 
Zoarinm not articulated, erect and phytoid, or composed of a number of cells 
connected by tubular processes. BieeUaria Blainv.; Bugula Oken.; Beania 
Johnston {Diaehoris Busk) ; Kinetoskiaa Kor. and Dan.; Jehthyaria Busk. 

Fam. 7. Fareiminarildae. Farcimina^ia Busk. 

Fam. 8. Notaaiiidae. Zooecia in pairs, each pair arising by tubular pro- 
longations from the pair next but one below it ; at each bifurcation a new series 
of cells intercalated into the branches. Notamia Fleming. 

Tribe B. FLU8TBIKA. With quadrate cells, the front surface of which is 
flat and equals the area of the primitive aperture. 

Fam. 9. Cellariidae. Zooecia usually rhomboidal or hexangular, disposed in 
series round an imaginary axis, so as to form cylindrical shoots. 2k>arium erect, 
calcareous, dichotomously branched. Cellaria Lamx. {Salicomaria Cuv.) ; 
MelicerUa M.-Edw. 

Fam. 10. Flustridae. Zoarium corneous and flexible, expanded, foliaceous, 
erect. Zooecia contiguous, multiserial. Avicularia usually of a very simple 
tyj)C. Fluslra L., F, foliacea L.; Carbasea Gray. 

Fam. 11. Xembraniporidae. Zoarium calcareous or membrano-calcareous. 
Zooecia forming an irregular continuous expansion, or in linear series, with raised 
margins, and more .or less membranous in front. Membranipora Blainv.; 
Electra Lamx* ; Megapora Hiiicks ; Amphiblestrum Gray ; Bifiustra d’Orb. ; 
Foxeolaria Busk. 

Fam. 12. Xioroporidae. Zooecia with the front wall wholly calcareous; 
margins elevated* Micropora Gray ; Stcganoporella Smith ; Beto$ella Hincks ; 
Vincularia Defrance ; Calcschara MacGillivray. 

Tribe C. S8CHAXIXA. With calcareous cells, the aperture of which about 
equals the operculum in size, no membranous area being left. 

Fam. 13. Bi£axariidae* Bifaxaria 'Bxxdk. \ Busk. 

Fam. 14. fukmcellariidae* d’Orb. ; iSijp^onicytora Busk. 

Fam. 15. Onehoporidae. 07tchopora OncJioparella Bixsk. 

Fam. 16. Eeteporidae. Zoarium calcareous, erect, fixed ; foliaceous and 
fenestrate, unilaminar ; or rcticulately freely ramose in one plane. Zooecia 
secund. Betepora Inqierato ; Bdtportlla Busk ; Turritigera Busk. 

Fam. 17. Oribrilinidae. Zoarium adnate, forming an indefinite crust, er 
erect. Zooecia with the front wall more or less fissured or traversed by radiating 
furrows. Crihrilima Gray ; Membraniporella Smitt. 

Fam. 18. Xitreperellidae. Zoarium incrusting. Zooecia with a semi- 
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ciiN u]ar apcrtute, the lower margin entire, and a semilunate or circular pore 
below it. Microporella h. ; Diporula H. ; Charuopara H. ; Fhistraiuorpha ( Jraj. 

l«ain. 19. Porinidae. Zoarium encnistiDg, or erect and i^ificd. Zooeoia 
with a raised tubular or aubtubnlar orifioe, and frequently a social tpore on the 
front wall. Parina d’Orb. {Tetsarcuioma Norman); ATmrtHtd^a Smitt; 
Lugenipora Hincks ; CelUparella Gray. 

Fam. 20. Mjriioioidae. Zoariuift' encrusting, or rising intq foliaccous 
exfiatisioris, or dendroid. Zooeoia calcareous, destitute of membijanous area 
and of raised margins ; orifice with a sinus on the lower lip. Schizdporella H.; 
Mastifjophom H, ; Rhyiichozom H.; Ilippothoa Lamx.; Myriozmm Donati ; 
{Gephyrophora B. ; Ildswdlia B. j Oemellipwa Smitt). 

Fam. 21. Escharidae. Zoarium calcareous, encrusting, or erect and lamellate, 
or i‘anioao. Zooecia without a membranous area or raised margins. Without 
speeial pores and orifice without a true sinus. Lepral'm Johnston ; Umbomila 
H.; PoirUa Gray; EsduiroUUa Smitt; SmiUiaH.; Phyhtctella H.; Muct*onella 
H.; PaliHicellaria Alder; Eschara Paltae ; Jspiilostoma H. 

Fam. 22. Adeonidae. Jdeona Lamx. ; Adco)iella B. ; Reptndponclla B. 

Fam. 23. Celleporidae. Zooecia calcareous, more or less vertical to the 
plane of tlie colony, irregularly heaped together, with a terminal orifice. 
Vtlh'parn Fa I n iciiLs. 

Fum. 21. Selenariidae. Gupularia and Lunularia Lamx.; Selenaria Busk. 

Sub-order 2. CTOLOSTOMATA. 

Zooecia tubular, with a plain terniinal orifice without operculum. Without 
movable ap^iendages. The ovicells are modified zooecia. Many fossil s|)ecies. 

Tribe A. ARTICTJIATA." With erect bianohes divided at intervals by 
chitinous joints. 

Fam. 1. Crisiidae. Zoarium dendroid, calcareous, composed of segments 
united by corneous joints. Criski Lamx. 

Tribe B. IKARTICULATA. With iinjointed zoarium. 

Fam. 2. Tubuliporidae. Zoarium entirely adherent, or more or less free and 
erect, multiform, often linear, or flabellate or lobate, sometimes cylindrical. 
Zooecia tubular, di8})osed in contiguous series, or in single lines. Ooeeium formed 
by the inflation of the branch. Aleeto Lamx.; Tvhulipara Lamx.; Slo)iialopora 
Bronn ; Idmonec Lamx. ; Entalophora Lan^x. ; Diasiopora Lamx. ; Pusttilopora 
Blaiiiv. 

Fam. 3. Homeridae. Zooecia opening on one side only of a lamose zoarium, 
never adnate and repent Horntra Lamx. 

Fara. 4. Liehenoporidae. Zoarium discoid, simple or composite, adnate, or 
partially free and stii)itate. Zooecia tubular, erect or suberect, disposed in more 
or less distinct series, which radiate from a free central area ; the intermediate 
surface cancellated or porous. Lichenopora Defiance ; Doinapora d’Orb. 

Fam. 6. Prondiporidaa. Frmdipora Imperato ; Fascieulipora d*Orb. ; Super- 
eytis d’Orb. 

Sub order S. CTlHOfTOMATA. 

When the tentacle-sheath is retraeted, the orifice of the zboecium is eio^ed 
bf a folded membrane as by an operculum. Zoarium never ealcaioous. Ovoclk 
and appendages absent 
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Tribe L HALCTOHXLLBA. Zoarium flesliy or nicmbraiioiH. Zooecia 
developer) by budding from other zooecia, and not from the internodei of a 
ctoloii. 

Fani. 1. Aloyonidiidae. Zooecia more or lees closely united, immersed in 
an expanded and adherent gelatinous cnist, or forming an erect cylindrical or 
compressed zoarium ; orifice clos^'’ by the mere i*M'agination of the tentacular 
sheath ; not protected by external labia. Alq/miidiufti Lamx. 

Fam. 2. Flustrellidae. Zooecia immersed in a gelatinous cnist ; orifu^c 
bilabiate. Larvae with a bivalve shell. Flustrella Gray ; F. hispida Fabr., 
on Fuci between tide-marks. 

Fam. 3. Araohnidiidae. Zooecia usually moi-e or less distant, membranous. 
Arachnidium Hincks. 

Tril>e 2. 8T0L0KIFERA. Zoarium homy or membranous. Zooecia dc- 
yeloi)ed by budding from the inteniodes of a distinct stolon* or stem. 

A. All the tenti teles erect. 

Fam. 4. Vesiculariidae. Zooecia contractctl belqw, not closely united to the 
stem at the base, dc(;idiiou8. -d^titute of a membranous area. Zoarium ro]>cnt 
or erect. Ail witli gizzard except Farrella. VcsicsilaHa J. V. Thompson ; 
Amalhia Ijainx. ; Zoohoti^yon Ehr. ; Bowerhankia Farrc ; Avoulla Dalyell ; 
Farrclla Elircnb. 

Fam. 5. Buskiidae. Zooecia contracted below, not continuous with the 
creeping stolon, with an aperture on the ventral surface. Bmkia Alder. 

Fam. 6. Cylindroeciidae. Zooecia not contracted below, closely united to 
the stem at tlu> )>asc, not deciduous ; destitute of a membranous area. Ctjlin- 
droccium Ilineks; Ang^uiiulla y. Ben. 

Fam. 7. Triticellidae. Zooecia horny, with an aj)crtui*e and membranous 
area on the ventral as[>cct; borne on a rigid {kkIuucIc, to wdiich they are attached 
by a movable joint, deciduous. Triiiulla Dalyell ; Hijqmraria Busk. 

B. Two of the knlaclcs everted, 

Fam. 8. Yalkeriidae. Zooecia contracted below, deciduous, destitute of 
a membranous area. Valkeria Fleming. 

Fam. 9. Ximosellidae. Zooecia contracted below, movable, deciduous, with 
an a|)erture on the ventral side. Mimosella Hincks. 

Fam. 10. Yietorellidae. Zooecia originating in an enlargement of the creep- 
ing tubular stem, with which they are continuous at the base; above fre« 
and I ylindrical ; not deciduous. FicUtella S. Kent, fresh- water form, with 
hiberuacula. Faludicella Qerv. is allied here. 

Order 2. Phylactolabmata. 

Fresh^water Polyzoa with hcrscshoc-shaped lopho^hore and epistome. 

The Phylactdaeinaia are mainly distinguished by the bilateral arrangement 
of the numerous tentacles on the two-artiicd lophophorc. Thei*e is always present 
above the mouth a movable tongue-sliajMxl process — the epistome^ whence the 
name given by Allman to this sub oider. The zooids are usually of considerable 
size, and are all alike (i.e. there is no i>oly morphism). The body-cavities of the 
zooids of a colony are in wide communication, and the colonies are ramified or 
massive, often transparent, and of k horny, or leathery, or gelatinous con- 
sistency. Statoblasta are present. The cei'cbral ganglion oonUins a cavity 
wdiich is developed as a pit in the ectoderm of the bud. 
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Fam. 1. CriatatelUdaa. Free-nioyliig colonies, on the upper surface of wliich 

the sooids are arranged in concen- 



Fig. 452 .— npens slightly magnirted 
(after Allman). lophophore ; D alimentary 
caoal. 


trie ellipses, CrUtfUcUa Cuvier, 
Fam. 2. Plnmatellidae. At- 
tached, massive or ramified colo- 
nies of fleshy or coriaceous con- 
sistency. Pcetinatclla Leidy ; 
Lophopus Duniortier, discovered 
by Trembley in 1741, and is the 
first Polyzoon of whicli wo have 
any notice ; Z. erystalHnm Pall. ; 
Plwnatella Lanik., including AU 
eyonella Lamk., A, fxmgosa Pall.; 
P. repeuB L. (Fig. 452) ; Frederi* 
cclla Gervais, differs from the other 
memljers of the family in having 
a nearly circular lophophore ; the 
statoblasts are without a ring of 
air-cells. 


Class n. ENTOPBOOTA. 

Anus xoithin the tentacular circlet 

The Entoproda are more simply organised than the Ectoprocta. 
The tentacular circlet surrounds a kind of vestibule into which the 


mouth and anus, the gener- 
ative and excretory organs 
open. The alimentary canal 
is a simple U-shaped tube, 
differentiated into oesophagus, 
stomach, and rectum (Fig. 
463). There is a ganglion 
in the floor of the vestibule 
between the mouth and anus. 
There is no body-cavity, but 
only a slight amount of con- 
nective tissue between the 
body-wall and gut-wall. There 
is 8 pair of fine, ciliated canals, 
which are described by some 
observers as intiacollular, by 
others as intercellular, which 
lie on the ventral face of the 
stomach and open into the 
vestibule on the oral side of 
the gangUon. 



Fio. 45S.— Diagrummatic longitudinal section 
through Pfdicillina (after Khlera, from Kor- 
achelt and Heider). a auus ; ep epistonie ; fx 
excretory canal : g gonad ; m mouth ; mt fibres 
of the dronlar musele; n ganglion ; t tentacles. 
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The generative organs are continuous with their ducts, and open 
on the ventral surface between the mouth and anus ; in Pedicellina 
they open into a kind of brood-pouch in the ventral wall of the 
vestibule on the anal side of the ganglion* They are paired glands, 
ai d the ducts of the testes open into a vesicula seminalis. Pedu 
cellina is hermaphrodite, but the organs of the two sexes do not 
appear usually to mature at the same time. ^Loxosoina is dioecious. 

The early stages of development take place in the brood-pouch. 
The ovum undergoes total cleavage, and an invaginato gastrula with 
two pole cells is formed. The blastopore remains open in the 



Fmi 4’>4. —Development of Pedicellina echinata (after Hatschek). a, blastospherc. h and c, 
later stag'd in optical eectioii. d, young larva in median optical section, e, frce-swfmining 
lar\a «xtendo<l. A vestibule; Af rudiment of the rectum; Dr apical thickening; Ec 
ecto«ierm ; Kn endoderm ; Fh segmentation cavity ; Hd rectum ; Kn dorsal organ ; L liver 
cells ; Ms ineso<lerm ; N excretory canql ; Oe oesophagus. 


position of the anus, and the polo cells give rise to two short 
mesobliustic bands. The embryo leaves the brood -pouch as a 
trochosphero larva (Fig. ^^54), with a well-marked velar ring of 
cilia having the same relation to the mouth and anus that the 
tentacles have in the adult, an apical thickening of ectoderm (/>), 
'.Inch carncs a tuft of cilia and consists of largo glandular cells, 
and a pit of thickened ectoderm on the anterior side of the dorsal 
surface {fen) called the dorsal organ. The apical thickening is 
variously interpreted as a sense organ and an organ for adhering; 
the dorsal organ is provided with two pigmented eye -spots in 
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Loxowma, and is interpreted by Harmer as the rudiment of the 
snpraoesophageal ganglion; it is connected by two nervous tracts 
round the oesophagus with the persistent ganglion, which probably 
develops from the floor of the vestibule between the mouth and 
anus as a thickening of ectoderm, and on the same view may bo 
interpreted as the suboesophagoal ganglion. 

As was first made known by the indoiiondent researches of Barrois 
and Harmer, the larva fixes itself by the oral surface and thou 



Fro. 455.— Three stages In the metamorphosis of Pedicellhia (after Ilanner, from Korschelt 
and Heider) A, just fixed larva. beginning of the rotation of the alimentary canal, 
and disappearance of larval organs. C, formation of new oix)uing lif vestibnlo and of 
tentacles, a anus ; d dorsal oigau ; m mouth ; p gland of attachiug surface ; t rudiments 
of tentacles ; w ciliated disc. 

proceeds to undergo the following metamorphosis (Fig. 455). The 
opening of the vestibule closes, the doi’sal organ and apical plate 
disapjiear, and the alimeiihiry canal apparently undergoes a pi'ocess 
of rotation of such a kind that tlie atrium comes to lie on the 
surface opposite to tliat by which the animal is attached. Mean- 
while a stalk is formed by tlic elongation of t)\o new aboral region, 
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and the tentacles and a new opening for the vestibule are established. 
During the whole of this process the aliiuentary tube, with its 
mouth and anus, persist. 

Here then is a metamorphosis very similar in its results to the 
process which takes place in the Bjctoprocta, viz., an entire shifting of 
the oral surface round to the opposite side of the larva; but differing 
from that, in the fact (1) that the attachment is effected by the edge 
of the ventral* surface, and not by an adhesive organ between the 
mouth and anus, and (2) that the larval organs do not undergo 
disruption, but allow us to perceive that the alteration is due to the 
relative' growth of the parts rather than to the formation of a new 
mouth and anus on the aboral side of the larva. 

As to the actual relations between this rarva and the Cyphonautes, 
they apiiear to resemble one another very nearly, but on a critical 
examination certain points of difference become obvious. These are 
(1) the absence in the Entoproct larva of an adhesive oigan ; (2) the 
presence of a rudiment of the cerebral ganglion (dorsal organ), and 
(3) the absence o{ the pyriform organ in the Entoproct larva. The 
pyiiform organ, which has been supposed to have something to do 
with the cerebral ganglion,t cannot be homologous with the dorsal 
organ of JETUoprocta, because it is within the velar circlet. So that, 
on the whole, we are inclined to think that the resemblances between 
these larvae are superficial ones, and cannot be used as important 
arguments in favour of the view that the Polyzoa constitute a 
monophyletic group. On the other hand, it is held by many 
zoologists that the Ectoprocta and Entoproda should not be 
associated in the same group, and that there is really no close 
relationship between them. The principal argument used in favour 
of this contention is that the Entoproda are without a coelom, 
and should be removed altogether from the Codomata. This view 
of the matter is further borne out by the relations of the gonads 
and the presence of the two ciliated excretory canals. We, however, 
while admitting that there is much to be said for it, do not regard 
it as proven, and cannot give it expression in this work. 

The comparison whioh Caldwell has instituted between Phorenit and the 
Polyzoa is hosed upon the supposed resemblonoe between Phoronis and the 

* This attachment must have been confined to the anterior side of the ventral 
edge, otherwise it is impossible to conceive how the proew of relative shifting 
of the mouth and anus above described in its aboreviated embryonic form 
could have happened in the ancestral history. 

+ The cerebral ganglion on the view here adopted of the Eetoproeta is not, of 
;ottrse, present in the adult, for as pointed out above, the ^nglion of tiie 
Ectoproda, though sometimes called dorsal, must be really suboesophageaL 
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Phylactolaemata. In both thtrc is a horseshoe-shaped lophophore, an epistome, 
a division of the body cavity by a septum into a small part at the oral end, and 
the main part around the alimentary c,inal, and the presence of a pair of very 



Fio. 456. — Pedicdlina 
echinata. Te tentacular 
crown; 0 mouth; Md 
aHmentary canal; A 
anus ; Ov ovary; gan- 
glion. (From Claus.) 


similar nephridia. Of these resemblances the first two 
are not important, while the third and fourth concern 
doubtful points of anatomy. Against this comparison 
is to be set the development. In Phormia the line 
between '^he mouth and anus is dorsal, and would 
contain if it still existed, the preoral lobe of the larva. 
In the Betoprocta^ on the other hand, the line l>etween 
the mouth and anus is ventral, though thi«: would 
possibly be disputed by some zoologists (see p. 563) ; 
while in the Bniaproata the oro-anal surface is unques- 
tionably ventral, the preoral lobe and its sense organ 
belonging derhonstrably to the surface between the anus 
and the attachment of the adult (Fig. 455). 

The ErUoKirocta are, with the exception of 
Umatella^ marine animals. Pedicellina is 
stalked and colonial. Loxoaoma is solitary; 
the buds, which are formed, separating from 
their parent. Loxoaoma i$ generally a com- 
mensal 

Fani. 1. I^kosomatidae. Solitary forms budding 
from the body; the buds separate from the pai^nt. 
Loxosoma Kef., L, phaaeolosomatum at the end of the 
body of P?ia$colo$oinay L, {OyclaUlla) amielidicola, on 
the Maldanidaif etc. 

Fani. 2. fedisslliaidM. Stalked, colonial forms, 
attached to a ef^ping stolon ; budding at the growing 
point of the stolon. Pedicellina M. Sars. 

Fam. 8. VfHatellidas. Stalked colonial, fresh-water 
forms, N. America. Urnutella Leidy. 



CHAPTER XVI. 


Phylum BRACHIOPODA.* 


Fixedf solitary^ apparerUly umegmented Coelomata^ with a ten- 
tacfiUated hwccal groove often prolonged into arim^ and a bivalve 
shell. 

The BrachUjpoda constitute an isolated phylum of the animal 
kingdom. They were formerly placed with the J^follusca, with 
which they have clearly no affinities. Later they were associated 
with the Polyzoa under Uffe heading Molluscoidea ; but this grouping 
must also be regarded as unsatisfactory, for they differ from the 
Polyzoa in several important points, amongst which may be men- 
tioned the presence of a vascular system, of paired nephridia, of 
setae embedded in. pits oi the skin, of a shell composed of |two 
pieces, and in not forming colonies. 

On the whole, the increased knowledge of their anatomy and 
development which has been acquired of late years, though still 
far from satisfactory, points to the view that we must assign to 
the group the position of an independent phylum of the animal 
kingdom with affinities, by the form of their central nervous system, 
and by their setae, by the presence of a well-develoj^ed perivisceral 
coelom and a canalicular haemocoeh end by the traces of an 
imperfect segmentation, to the Annelida; though at the same time 
it must be pointed out that by the presence of longitudinal dorsal 

* R. Owen, “On the Anaton^ of the Brachiopoda,** Trans. Zool. Soe. London 

1835. A. Hancock, “On the Organisation of the Brachio|)oda/’ jPAif. Trans. 
148, London, 1868. T. Davidson, “A Monograph of the British Fossil Brachio* 
poda,” I.-VI., Palaeontographical Society, London, 1861-84. Id., “A Mon. 
of recent Bracliiopoda,** Fta. 1, 2, Trans. Lin. Soc. London^ 1885-8. T. H. 
Huxley, “Contributions to the Anatomy of the Brachiopoda,'^ Proc. Boy. Soe.^ 
7, 1861 (2), 14, 1864. II. Lacazo>Dnthiei‘s, “Histoire Nat, d. Brachiop^es de 
la MeditciTiin^e,” Aim. Hci. Nat. (4J, 15, 1861. J. F. van Beinmelen, ‘•Unters. 
Ub. d. Anat. u. hist. Ban d. Brachiopoda Tcsticaixiinia,’* «/en. ZeUs.^ 16, 1883. 
A. E. Shipley, “On the Strueture and Devcl. of Argiope,*' MU. Zool. Ztai. 
Neapely 4, 1883. A. E. Shipley and F. R. 0. Rce<l, ** Brachiopoda Recent and 
Extinct,” in Cambridge Nainral History^ vol. 3, 1896. 
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and vensnl mesenteries, and by the development of the coelom as 
enteric outgrowths, they recall the Chaeiognatha. The possible 
affinities of the group with Phoronit, in favour of which there is 
much to be said, are discussed at the end of the chapter. 

The mouth is placed iu a buccal groove, one side of which (the 
dorsal) is provided with a lip, and the other with a row of tentacles. 
The groove is either continued as a circle on the dorsal lobe of the 
mantle or is drawn out on each side into the characteristic arms 
which project into the mantle -cavity. The anus is absent, or 
present usually on the right side of the front surface of the body, 
in a position which is described as ventral to the mouth (in Orania 
it is median, slightly dorsal and posterior). The two valves of the 
shell are commonly described as being dorsal and ventral, though it 
must be borne in mind that there are embryological reasons for 
regarding the surface between the mouth and anus as dorsal, and 
the whole of the surface on which the shell-valves lie as ventral. 


There is a circumoesophageal nerve-collar, not separated from the 
ectoderm and bearing supra-oesophageal and suboesophageal ganglb 
onic swellings. There are no organs of special sense in the adult, 
though the larva possesses eye spots. The edges of the mantle- 
lobes, which are folds of the body-wall, contain setae embedded in 
ectodermal pits. There is a heart on the so-called doi-sal side of 
the stomach giving off vessels. The perivisceral cavity is coelomic, 
and extends into the mantle-folds ; it communicates with the exterior 
by one pair (in Rhynchonella two pairs) of nephridia ; the generative 
cells are developed on its walls and dehisced into it, and carried 
outwards by the 


nephridia. Asexual 
reproduction and par- 
thenogenesis are un- 
known in the group. 

It is commonly said 
of the Braehiopoda 
that they are pre- 
eminently an ancient 
group, and some im- 
portance is attached 
to this fact. It is 


A 



Fio. i&7.-’Jthynchondla pHtiacea, A, (h>m above ; B from the 
left side (after Lang). 


true tiuit they are 


an ancient group, representatives of it being known in the Cambrian, 


and the number of fossil forms is vastly greater than that of the 
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living; but no special distinctive importance can be attached to these 
facts, for similar .statements may be made of almost all the great 
g»‘'>iips, representatives of which are known from the earliest 
formations. 

The body is enclosed in a bivalve shell, of which one valve is 
called dorsal, and the other ventral (Fig. 457). Both valves lie upon 
corresponding folds of the integument called the mantle lobee, and 
are often connected posteriorly by a kind of hinge, beyond which the. 
usually more arched ventral valve projects like a beak (Fig. 468, St). 
The ventral valve is usually lai^er than the dorsal, and is either 



Fio. 458.— Anitomy of Waldluimia oiwiraZw, side view of partly dissected specimen (after 
Hancock). Ar arms (the proximal loop of the left arm has been cut away) ; Do dorsal 
valve ; L liver ; Ma adductor, Afd divaricator muscles ; 0 the liver ducts of the left side cut 
short ; (k oesophagus ; St peduncle ; Tr folded margins of the funnel of the right nephridium 
(oviduct) ; Ve ventral valve ; Vw anterior wall of body. 


directly fused with foreign bodies, or the animal is attached by a 
peduncle projecting through the opening in the beak. The peduncle 
may liowever pass out between the two valves (Ltrigula), In Crania^ 
which is attached by its ventral valve, the peduncle is absent. It is 
doubtful which surface of the liody the stalk belongs to ; according 
to the view stated IjcIow, which is admittedly highly speculative, 
it is a projection of the ventral surface of the body. The valves 
of the shell are cuticular structures secreted by the skin and 
impregnated with calcareous salts; they are not opened by a 
ligament, but by special groups of muscles (Fig. 458, Md)\ they 
are also closed by muscles, which are placed near the hinge and pass 
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transversely from the dorsal to the ventral surface through the 
body-cavity (ikfa). 

In many forms the shell is perforated by minute pores, which 
however are closed externally by the outer uricalcified layer of the 
shell. They transmit tubular prolongations of the mantle. The body 
is bilaterally symmetrical, excepting for the anus which in some forms 
is on the right side, and is enclosed by the shell, of which it only 
occupies the posterior part ; it possesses the two large reduplications 
of the integument, the two mantle lobes already mentioned, which are 
applied to the inner surface of the shell. The edges of the mantle 
are thickened and carry setae, which are Tcgularly arranged and 
secreted by the lining of pits of the skin. The mantle may also 
produce within its own substance calcareous spicules, or a continuous 
calcareous framework. 



Fio. 459.— Diagram of a view of the left half of Cistdla (Argiope) neapolitana, showing the 
alimentary canal, tlie left nephridiuni, and the buccal groove. The animal is supposed 
to have b^ii removed from its shell, and to be cut in two by a median longitudinal incision. 
€.0 external, i.o internal oi>ening of nephridium n ; d.w dorsal, v,m ventral lobe of the 
mantle; I and c lip ; t tentacles ; m mouth ; st stalk. (Modified from Shipley.) 


The mouth i» placed in a transversely directed groove, bounded 
dorsally by a lip, and ventrally by a row of tentacles. In the 
simplest cases {Argiope^ Cistella) this gioove has a somewhat circular 
course (Figsi 459, 460 a), and lies along the dorsal part of the anterior 
wall of the body which is spread out on the dorsal valve. The 
mouth is in the posterior part of it, and the anterior ^mrt of it is 
bent backwards. In other forms the buccal groove does not form 
a complete circle, but is incomplete anteriorly, and the two ends 
so formed are coiled into a spiral, which is variously dis^xised in 
diffei’ent forms. Moreover, in these forms it is not united to the 
dorsal Wall, but projects into the mantle-cavity. 

Waldlievnifx (Fig/s, 460/ 462) the buccal groove with its dorsal 
lip and ventral row of tentacles passes outwards (j) on each side 
of the mouth, and forwards towards the opening of the shell ; it then 
bends on itself and passes backwards (t h) on the ventral side of the 
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proximal part, extending almost as far as the mouth. This may be 
called the proximal loop of the buccal groove; its two limbs are 
united by a mem- 
brane. The groove 
now turns ventral- 
wards, and again 
passes forwards into 
a vertically placed 
spiral, which is coiled 
on to the dorsal valve 
and at the apex of 
which it terminates. 

The spiral part is 
united with the spiral 
part of the opposite 
side by a membrane. 

The cc rse of the 
buccal groove in 
Waldheimia is shown 
in the diagram (Fig. 

460). The proximal 
loop of the apparatus is supported in Waldheimia and Terehraivla 
by a calcareous process of the dorsal valve (Fig. 461), In lihyn' 

dwnella there is no cfilcai^eous 
support for the arms, but the 
buccal groove is prolonged into a 
long, horizontally placed spiral on 
each side, the apex of the spiral 
being directed to the dorsal side 
(Figs. 460 c, 463). In Lirujvla the 
anns are very much as they ai*e 
in HhynchtmellOy the spiral being 
horizontally placed with its apex 
towards the dorsal valve. 

In Limpila and Rhynchonella it 
appears that the animal has the 
power of protruding its arns from 
the shell. Tlie epithelium of the 
buccal groove and the tentacles is 
ciliated, and the whole apimratus is to be regarded as a food- 
procuring orgam 

2 p 



Pio. 401.— Dorsal valve of the shell ol 
Waldheiinia with the brachial 

. skeleton (after Hancock). 



Fto. 4f0.— Diagrams showing course of buccal groove in a, 
Argiope\ WaldKeimia\ and c, Rhyw^nella. m mouth; 
Hip ; ( tentacles. 
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Tlie mouth leads into an oesophagus which, passing dorsalwards, 
opens into the stomach. The stomach receives the ducts of a imired 
ghaid called the liver (Fig. 458, o), and passes into the intestine which 
is directed ventralwards. Tlie intestine is short, and ends blindly 
in the Te^ficardvies \ while in the Ecanlines it is long and coiled, 
and opens by an anus into the mantle-cavity. The anus opens on 
the right side in Lingula and Discina; in Lingula it is placed 
between the margins of the mantle. In Crania* the rectum is in 
the middle line and opens at the hind end in the middle line into a 
space between the two valves where the hinge would be. Sometimes 
the end of the intestine is continued as a coixl {Tliecidium), 



Fio, i62,--lFatdheimia australU rotnoved from ils shell, ana wiOi ihn tm l<*bcs turned back 
an M to expose ihe arms and aiit^jrlor wall of the body, t v' ut ul. b lio'-sal lohe of tiiaiitle ; 

cgoiiAds;/ peduncle; .7 spiral part of the left aim; ^ distal lfj» b of the pioxiiual loop; 
i knhiclea; j lio, a few tentacles cut away to show it: i position ni ihonth, which i« 
couc'iaied by the lip; I occlusor nmsclcs seen through the antei or wall of body; « ^efb 
nephr < Hum opening at n. (Aftei Haocock.) 

The ajinieptary canal is supported hy a median dorsal and ventral 
mefien(.;ry, w'hich partially divides the body-cavity into a riyiit and 
left li. lf; and by two incomplete transverse septa which pass, as 
docs <i(c dorsal mesentery, from the body-wall to the g^it-wall. 
Of tlh Iwo lathT the antorioi is called the ijaairoparietal, and the 
p>steri ;r the ilioj^iai'iefnl l>and, from their relations to the stomach 
and i?itcstiue respectively. 

The nervous system consists of a circumoesophageal ring, upon 
• Joubin, Arch. Zoti. B39. (2) 4. 
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which arc dovolopocl a variable number of ^angfia. The most 
general arrangement appeam to he one small supra-oesophageal and 
one larger suboesophageal swelling. The suboesophageal gives oil* 
nerves to the dorsal mantle-lobe, the arms, and adductor muscles, 
and to two small ganglia which supply the ventral mantle-lolx^ and 
the peduncular muscles. The ganglia and commissure are in 
immediate contact with 


the ectoderm. Special 
organs of sense have 
not been described. 

The vascular ays- 
tern has a canalicular 
character. There is a 
heart placed on the 
Jorsivl side of the 
stomach in the donuil 
mesentery. It gives 
off a vessel which 
passes forwaixls along 
the oesophagus in the 
dorsal mesentery ; this 
divides into two, which 
ai‘0 continued into the 
arms as the tentacular 
vc.sscls, and arc con- 
nectcil with a vessel 
whicli surrounds the 
oesophagus. In addi- 
tion to the alx)vo there 
are. two [>airs of lateral 
vessels running from 
the heart to the gen- 



Fia. 463.— View of jnantlc-chambor of r^hifnch/inella 
the ventral mantle lobe tunietl back (after Hancock). 
a dorsal, h ventral mantle lobe ; c, c mantle sinnsea ; cf, d 
genital glands; (r circumfialllal ves!«el; jocclnMor muscles; 


Crati VC onrans. ^ ventral nepbrUlia opening at 1; m anus ; n lip of brachial 

riM 1 1 i ** 1 groove ; o positbm of mouth concealed by lip ; p tentacles 

iho blood is colour- contracted; q oesophagns. 


less. 


Our knowledge of the vascular system and its mmilications is 
very small, as may be gathered from the statement made by some 
oliscrvers that the blood vessels communicate with the coelom. This 


is a statement which has been made of other groups, and has 
always been disproved with the progmss of knowledge; and in the 
present instance, having regard to the difficulties of the observations 
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required, and to the fact that the vascular sysiem is essentially an 
organ separalj from the coelom and from other organs derived from 
the primitive entei'on, it cannot be accepted (it should not have been 
made at the present day by any well-informed Zoologist) without a 
good deal more evidence than has yet been adduced in its favour. 

The body-cavity is well developed, and is a coelom. As already 
stated it is divided^ incompletely it is true, into two lateral halves by 
a longitudinal mesentery, and into three successive chambers by two 
imperfect transverse septa, the gastroparietal and ilioparietal bands. 
The latter structures are, however, merely bands, there being three 
(or two) gastroparietal and two ilioparietal. They are important, 
because they may turn out to be remains of transverse sci)ta 
dividing up the coelom in the embryo (see account of development). 
The body-cavity contains a corpusculated fluid, and possesses a 
ciliated epithelial lining. It is prolonged into the mantle lobes as 
the sinum^ which may be much branched (Lingula). With 

regard to other extensions of the body-cavity we know very little. 
For instance, there are two channels running along each arm, the one 
small and in relation with the row of tentacles, into each of winch it 
sends a prolongation, and the other larger and in relation with the lip 
(Tepistome). It is disputed whether those canals communicate with 
each other or with the body-cavity. It is said, however (see above), 
that the tentacular channel is a blood vessel, and is a continuation of 
the vessel which leaves the anterior end of the heart. 

As in coelomatc animals the renal organs are nephridia. There 
is usually one pair, but in EhynchoneUa there are two. They open 
externally on each side of the mouth, near the base of the arms, and 
internally by funnel-shaped apertures into the body-cavity. When 
there is one pair, the internal opening is on the iliopsirietal band, into 
the posterior chamber of the body-cavity ; when tiiere are two pairs 
the openings of the second pair is supported by the gastroparietal 
bands, and is into the middle chamber of the body-cavity. The 
external openings of the posterior pair, i.e. the i)air usually present, 
are a little on the ventral side of the moutli, while those of the 
anterior pair are a little nearer the dorsal valve. The ncpliridia 
function also as generative ducts, and were called ovidnets by 
Hancock* 

Oenerative orgaiis. In all probability most BracMopoda are 
dioecious, but possibly a few of them may be hemu^irodite. The 
generati/e organs are developments of the coelomk epithelium. 
They are thick yellow bauds or ridges which project iiato the body- 
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cavity, and extend into the lacunae of the mantle where they may 
be considerably ramified. The ripe sexual colls are dehisced into 
the coelom, whence they pass to the exterior tlirough the nephridia. 
In some genera {Thecidmn^ Cistella^ Arjiape) the eggs undeigo the 


H 



Fio. 464.~>l)eve1opm6nt of Argtop$ (after Kowalewsky). ci, embryo In which the enteron D 
still communicates in fkont with the coeloinic sacs ZA. 5, embryo with three segin««nt8, anti 
coiiiiuencing mantle fold with setae, c, older embryo showing the same features ; M inautle 
fold, dt free larva with eye spots, cephalic umbrella, ciliated ring; and large mantle lobes, 
e, attached larva with mantle lobes bent anteriorly. /, .later stage with tentacles T, and 
commencing peduncle St» 


first stages of their development in brood-pouches placed near the 
openings of the nepliridia. In Theeidium the brood-pouch is median 
and ventral. In Argiope and OiMa it is paired. 

Our knowledge of the development is very incomplete, and what 
we do know relates almost entirely to the Testicardirm. The egg 
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is small and the scgmoutiitioii is coinplote^ the gnstrula is formed 
usually hy invagination, and the hlastoi)oi*o closes at the interior 
einl of the ventml surface. The aiclienterou gives off two lateral 
diverticula, which ai*o gnidually constricted off from it as the coeloinic 
sacs (Fig, 464, a, b). 

The cocloniic sacs extend posteriorly bcdiind the enteion, but the 
last remnant of the communication between the two is at the front 
end of the bcnly. The embryo now becomes constricted by an 
annular furrow into two ^Karts, the anterior of whicli soon divides 
in a similar manner, so that three segments are formed (Fig. 464, 6). 
It does not apjxnir, however, that the coclomic sacs particijMite in 
this segmentation. The enteron is confined to the two anterior 
segments, and does not extend into the caudal segment. 





Fki. 465.~-thrre diagiams illustimtiiig the liypotheticftl inetainorplio U of a Uiacliiopoit m 
ralatioti to that of Actinotrocha (after Korachelt and Heider). frce-awiniiiiina larva show* 
fug tlie inooth*opening and commencing tentaclea of the lophophore, neither of whicli an* 
present at thia stage. J3, a traiiaitional atage ahowiiig reduction of aiippoaed pre«)'a1 loho. C\ 
young pracliiopod after the turning forward of tho mantle lobes. Ilie preoral lobe (cephalic 
mtibrella) has shrank to the epiatonie. ci dorsal mantle lobe cDiatonie ; k preoral lobe 
(eeiihalte umbrella) with its ring of cilia (troclioa|liere ring); m mouth; sta k ; < rudi 
mentary tentaclea ; v veutial mantle lobe. 


On i)he fiist segment (head) there is develo]^)cd an umbrella-like 
disc, the edge of which becomes ciliated, and four eye spots. On the 
second segment (thorax) there is an annular fold (Fig. 464, c), which 
soon grows out into a dorsal and ventral lobe — the mantle-lobes. On 
the ventral {Kirt of this are devcloi^cd foujr bundles of provisional 
setae. 

- The mantle-lobes project back over the caudal region (Fig. 464, d). 
The embryo now leaves the brood-pouch and enters ti|x>n its free- 
swimming life. 

Tlie 4rval «tage is of short daratieii, and dumtg it the enteron 
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remains an entirely closed sac. Attachment is effected by the hind 
(caudal) end (Fig. 464, e, /), and as soon as it has occurred the mantle- 
lobes turn forward and envelop the first segment. 

The larva now assumes the adult condition ; the shell valves are 
developed on the mantle-folds, the provisional setae are replaced hy 
the permanent ones, and a mouth is formed at the front end. The 
exact relation of the mouth to the umbrella-like head segment is 
obscure. It has been suggested that the mouth is formed upon 
the ventral side of it, and that the head segment (Fig. 466) is really 
a preoral lobe, like tliat of Phm^onis — which soon disappears or is 
reduced to the epistome (lip of the buccal groove). The tentacles of 
the arms appear on tlie inner side of the dorsal mantle lobe (Fig. 
465, C). 

Notlnng is known of the embryonic development of the Ecardines. 
Their larvae differ from those of the Testicardines in possessing a 
shell while free-swimming. A larva of jyisciiia radiata with a large 
process overhanging the mouth has been described by F. Muller 
{Muller* 8 Arch.^ 1860), and we owe an account of the larva of Lingvla 
to Brooks (Chesapeake Zool. Lab. Results, 1878). 

A consideration of the above facts docs not lead us very far in deciding the 
question of the affinities of the Breukiopoda, If we adopt the suggestion 
made above, that the moutli is fonned on 
the ventral surface — which, it must be 
remembered, is opposetl to Kovalevsky’s 
statement that it is at the anterior end — 
we may regard the larva as a trochosphere 
with a prcoral ring of cilia and preoral sense- 
organs. 

The presence of setae secreted in outaneou 
sacs, the indications of segmentation, and 
the relations of the coelom in the adult, 
further suggest Aimelidan affinities. Finally, 
the fonn of the central iiervoiia system is 
not opposed to this view of the relationship 
of the group. If wo adopt this view wo 
should regard^'the Bradiiopoda as Andelids 
with three segments, marked in the embryo 
by the annular constrictions of the integu- 
ment, and in the adult by the imperfect 
septa represented by the gastro- and ilioparietal bands, and by the two pairs 
of nephridia in Bhyiushonella, which have relations to these bands. 

But it must bo reiuoinbercd that according to present accounts there are no 
traces of mesoblastio segments in the embryo, the coelomic sacs being eon- 
tiunous and not divided up by septa. This, however, may be due to imperfect 
observation, a possibility which becomes the more likely when w'c remember 
that ilio larvae are extremely minute, the observations very difficult to makoi 



684 


BRACfRIOPODA. 


and that there is no account of the formation of the stmeturea which are 
supposed to be transverse septa in the adnlt, or of the iiephridia. 

But this Annelid view of the group is not tiie only one which has been put 
forwai^d. It has been suggested that the arms, with their tentacles, are com* 
parable to the lophophore, end the lip to the epistome 
of Fharonis (Fig. 465). There is much to l>e said for the 
affinities with Phoranis which this view suggests, but it 
must be remembered that the view is one which itself 
rests upon a basis of hypothesis (see p. 583), for in neither 
group has the development of the lip been satisfactorily 
followed. 

The most important objection to it is that the fie cure 
of the intestine,, and the positio]! of the anus nearer the 
ventral valve, is different to the arrangement in PhormiSf 
in which the intestine has the opposite flexure, and the 
anus is on the epistome side (dorsal) of the mouth. It 
may fairly be urged, however, that, in our present state 
of ignorance of the development of the Brachiopods with 
an anus, and consequently of the real position of that 
organ, too much weight must not l>e attached to this 
objection. The possible presence of three inesoblastic 
segments, and the relations of the nephridia and coelom, 
are not opposed to it, nor is the mode of attachment by 
the caudal region ; for it is argued the caudal region 
might fairly be regarded as equivalent to the evaginated 
foot of PlwrmiiB. Wc think the suggestion that the 
Brachioi>od8 are allied to Pboronis an attractive, but at 
Fio. 467.— Longitndl- g,im^ ^ highly speculative one. For the principal 

oWer tarra of^Lif^ «^^nients in its favour, viz,, that in both the preoral 
gvila. (after Brooks). shrivels up or disappears, leaving at most the epis- 

Dodoraal; Fs ventral tome as an indication of its presence, and that in both 
valve of shell; Mr the dorsal surface between the mouth and anus is extra- 
thickened edge of ordinarily shortened, are open to the serious reply, that 
Although these statements may fairly be made of PkoroniSt 
ach; Ad intestine; they can only be put fonvard in a hypothetical fonu with 
M posteilor muscle ; regard to Brachiopods. 

0 ganglion. 

The Brachiopoda are found in all seas at different depths. The 
larger number live at moderate depths, down to 600 or 600 fathoms. 
Beyond this depth they are rare, though species of Disema and 
Terehratula have been taken at a depth of over 2(X)0 fathoms. 
Lingula and Glottidia are found between tide marks. For the most 
part they live on rocky ground, and are found in great numbers 
together. Lingula burrows in the sand. 

The number of living Brachiopods is small, as compared with the 
much larger number found in the earlier geological formations, 
certain species of which have great importance as characteristic 
fossils. The oldest known fossils ore Brachiopods, and certain 
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genera which first appeared in the Cambrian have persisted to the 
present day. 

Order 1. Eoardinbs (Imartioulata).* 

Shell without hinge and brachial skeleton. Alimentary canal 
with anus either ventral and to the right of the middle linSi or 
posterior and median (Crania). 

Fam. 1. Liogulidad. Shell thin, homy, almost equivalve, a long peduncle 
passing between the two valves. live in tubes in sand. Lingula Brug ; 
L. analina Lara.; QloUidia Dali. 

Fam. 2. IHseinidae. Shell fixed by a peduncle passing through a hole in the 
ventral valve. Diseina Lara.; D. atlantica King, 1880 fathoms, off West of 
Ireland ; Dimnisea Dali. 

Faro. 3. Cranlldae. Shell orbicular, calcareous; ventral valve adherent; 
without peduncle. Crania Betz. ; C. anomala MUller, Loch Fyne. 

Order 2. Tksticardinbs (Articulata).* 

The shell is calcareous, with hinge and brachial skeleton. The 
intestine ends blindly. 

The exclusively fossil family Produetfiae, the edge of the shells of which 
have no hinge, form the transition between the two orders. 

Fam. 1. Tsrsbratulidae. Shell usually biconvex ; punctate, with complete 
binge ; beak of ventral valve perforated for short p^uncle ; calcareous loop 
bent back on itself. Waldhdmia King (Figs. 461, 462), W, eraaium Milll., 
North British seas; Tmhratula Brug., T. eapsula Jeff., English Chai.nei; 
Terebraiulina d’Orb., T. caput cerpentU L. Oban; TcrebraUlla d'Orb., T. 
Spiishergtnm Dav., N« British seas; Argiope Deslongchamps, A. decollaia 
Chemnitz, English Channel ; Cistella Gray (Fig. 459), G, eUiellula 8. Wood, 
N. British seas, English Channel ; Megerlia King ; Kraustina Dav. 

Fam. 2. Thscidiidae. Shell plano-convex, usually fixed by beak of ventral 
valve. Thecidium Defr. 

Fam. 8. Bhynehonellidae. Shell bioonvex, hinge usually curved ; beak of 
ventral yalve incurved with foramen ; calcareous brachial supports as a pair of 
short curved crura; arras coiled in spiral. Ehynehanella Fisoh. (Pig. 468), 
jB. pHitarca Gmolin, N. British seas ; Atretia Jeff., A, gnomon J., west of 
Donegal Bay in 1400 fathoms. 

* The localities mentioned in this list refer only to the places in the British 
area, where the species have been obtained. They are taken fmm Shipley^a 
article iu the Cavib. Nat, Lid, 
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^ Hermaphrodite Codomata^ in which the body is divided into three 
regions or segmonts. The head carries two groups of sickle-shaped 
setae^ and the central nervous system consists of cerebral and sub- 
oesophageal ganglia connected by circumoesophageoX commissures. 

The Chaetognaiha are a very small group of transparent pelagic 
organisms. Though small in numbers and presenting but little 
variety of organisation, the group is one which, both in its adult 
structure and embryonic development, is of the greatest interest 
to naturalists. It is impossible to relate it to any of the great 
phyla of the animal kingdoms, and, like so many of the groups 
which we have recently considered, it must have assigned to it 
the dignity of phyletio rank. 

In certain features of structure, e.g., in the form of the nervous 
system, and in the relations and character of the coelom, it resembles 
the Annelida^ but it differs from them in the small number and in 
the character of the segments of which the body is composed, in the 
absence of distinct nephridia and a vascular system, and in the 
structure of the embryo. For though the egg is smfdl, and the whole 
development takes place in the sea, there is no larval stage which 
in any way recalls the trochosphere, and the coelom is developed 
from archenteric diverticula, a feature which is found in no Annelid. 
^ As in the Brachiopoda the coelom consists of three pairs of 
chambers separated by transverse septa, and as in that group the 
division of the coelom is effected subsequently to its establish- 
ment as a single enteric diverticulum on each side. 


* A. Krohn, ** AncU.-phy8u>l Beobachtungen Ub. die SagiUa hipunciata^** 
Hamburg* 1844. R Wilms, ** De SagiUa mars ^ennanicum circa insulam 
Hslaolamd incoUsis^* Beroliiii, 1846. A. Kowalewski, *' Embry ologische Studieu 
an Wlimieni u. Aiihropoden,’’ M4m. de I* Acad. Petersbourg^ 16. 0. Hertwig. 
^ IHs Ckaetynaihen^ sins MonographUj* 1880. B, Grassi, **I. Chetognathi,’* 
fkra wed Fauna d. OoJfes von Neapel^ 1883. S. Strodtmaim, Die Systematik 
dsr Chaetognatbeu Arch, Naturg., 58, 1892. 
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The body is elongated and divided into three regions — the head, 
the trunk, and the tail (Fig. 468). The mouth is on the ventral 
surface of the head, and has the form 


of an elongated slit (Fig. 469). The 
anus is on the ventral surface, at the 
jun(*tion of the trunk and the tail. 

Tlie head is slightly swollen,, and is 
partly covered by a prepuce-like fold of 
the skin (Fig. 469), which arises fi*om the 
dorsal side of the head and forms a kind 
of hood more developed latemlly than 
ventrally. It carries two laterally placed 
groups of sickle - idiaped setae and a 
number of short spines. Moreover, there 
are two eyes in close connection with 
the cerebral ganglion. Close behind the 
head on the dor.sal surface there is an 
annular modification of the ectoderm (Fig. 
468 /i), the cells of which bear cilia; 
this is supposed to be an olfactory organ. 
The body possesses one or two pairs of 
flat cutaneous fin-like folds — the lateml 
fins — and the tail is surrounded by a 
caudal fin. The fins consist of a fold 
of the ectoderm containing a gelatinous 
substance, on each surface of which lie 
some chitinous rod-like rays beneath the 
ectoderm. 

The skin consists of an epithelium, the 
cells of which may be arranged in one 
or in more than one layer, of a basement 
membrane, and of a layer of longitudinally 
disposed muscular fibres; the latter are 
disposed in the trunk and tail in four 
bundles — two dorsal* and two ventral 
(Fig. 470), and the fibres are cross-striped; 
these muscles, both in their arrangement 
and appearance in transverse section, are 
very like those of the Nematodes. In 
the head the muscles ai'e broken up into 
bundles which work upon the jaws. 



Fio. 468. ~ SpadtUa uifkahpUm 
(after O. UertwigX dorsal view. 
F lateral flu (in caudal region 
only, ill this genoa); OcerelMml 
ganglion; T§ tentacles; Ov 
ovary; Od oviduct; T testis; 
Vd vas deferens; Sb vesieuUi 
seniinalis ; A olfeetoiy ovguL 
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The alimentary canal ie 



Fio. 469.— Head of Setgitta bipunctata. A 
dorsal, D ventral view, cerebral 
ganglion ; kk cephalic hood ; circnni* 
oesophageal commissures ; no optic 
nerve ; nr olfactory nerve ; o mouth ; 
r olfactory organ ; v hooks ; s spines. 
(After Hertwig.) 


stmight tube, and is divided into 
oesophagus and intestine. There 
are no s}iecial glands opening 
into it. 

The nervous system consists of 
a cerebral ganglion in the head, 
and a large elongated ventral gan- 
glion — the euboesophageal ganglion 
— placed in about the middle of 
the body length These two gan- 
glia are. connected by long circiiiii- 
oesophageal commissures, and the 
whole of this part of the nervous 
system lies in the ectoderm (Fig. 
470). There is in addition a pair 
of ganglia connected with the cere- 
bral, and w'ith each other below the 
oesophagus ; these are placed in the 
mesoderm and supply the muscles 
of the head. 

The sense - organs consist of a 
pair of eyes on the dorsal surface 
of the head, innervated from the 
cerebral ganglion ; the annular tract 
of ciliated ectoderm on the dorsal 


surface already mentioned — it is supposed to be olfactory in function^ 


and varies in shape in different 
species ; and tactile papUlae consisting 
bf ectoderm cells, and distributed all 
over the surface. 

There is no vascular system. 

The body cavity is well developed, 
and, as is shown by its development 
and its relation to the male generative 
organs, is a coelom. It is lined by 
a layer of flat epithelium, and is 
divided into two lateral halves by a 
longitudinal septum, in which the 
alimentary canal is placed (Fig. 470) ; 
this constitutes the dorsal and ventral 
mesentery, and in the tail the ceptum. 



Fio. 470.— Transverse section through 
the trunk of Sugitta (from Lang, after 
Hertwig). Ih coelom ; mes mesentery; 
md intestine; tm longitudinal mus* 
cles ; bg suooesophageal ganglion. 
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It is further divided hy two transverse septa into three successive 
chambers: one in the head, another in the trunk, and the third 
in the tail (Fig. 468). These chambers are indications of segmenta- 
tion, though the exact mode of their origin from the original 
continuous coelom has not been made out. Of those three coelomic 
chaml)ei*s or segments, the posterior alone has, so far as is known, 
a communication with the exterior through the male generative 
ducts. 

Qenorative organs. The animals are hermaphrodite. The female 
organs are contained in the middle segment of the body, and the 
oviduct opens on each side of the anus at the junction of the middle 
and caudal regions. The ovaries are placed one on each side 
(Fig. 468); they are solid and are attached to the wall of the 
body, projecting into the body-cavity. The oviducts are narrow 



Fio. 471.— Three embryos of Sagitta (from Lang, after Hertwfg). hi blastopore; ttd arch- 
enteron ; g primitive generative cells ; vm splanchnic, pm somatic (parietal) layer of 
mesoderm ; d rudiment of intestine ; cs coelomic sacs ; 8t atomodaeum (ectodermal ingrowth 
which forms the anterior part of the alimentary canal). 


tubes extending along the outer sides of the i ;r ies and lined by 
an epithelium. They end blindly in front, and open to the exterior 
behind; they sometimes contain spermatozoa. The ova are not 
dehisced into the coelom, and it is not known how they get into 
the oviducts, which appear to be much too narrow to contain 
them. 

The testes are thickenings of the parietal coelomic epithelium in 
the anterior part of the caudal chambers of the body-cavity. Cells 
break off from them and fall into the body-cavity, where they develop 
into spermatozoa. The male generative ducts (Fig. 468) are paired 
tul)es opening on the side of the body in the caudal region, and 
internally by a ciliated opening into the caudal region of the coelom. 
The vesicula seminalis is a dilatation on the course of the short 
vas deferens. 
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No separate renal organs are known. 

Development. The ova are transparent structures which float on 
the surface of the sea, except in Spadella ce^^haloptera^ which attaches 
them to seaweeds. The mode of oviposition and the place of fertili- 
zation is not known. The whole development takes place in the sea, 
and there is no larval stage. The segmentation is complete, and loads 
to the formation of a hollow blastophere, and an invaginate gastrula. 
The blastopore closes at the posterior end of the embryo, and the 
mouth is a new formation at the anterior end. The archentei*on 
gives off two pouches from its posterior end (Fig. 471), and thus 
becomes trilobed. The middle lobe acquires an opening to the exterior 
at the front end, while posteriorly it opens into the part of the 

archentcron which 
opens into the lateral 
pouches (Fig. 471). 
This hind opening 
becomes closed, so 
that the middle lobe 
fonns a tube opening 
in front by the mouth, 
and behind ending 
blindly, and thus 
gives rise to the en- 
terou The anus is 
formed later. The 
portion of the arch- 
enteron thus sepa- 
rated off is the coel- 
om ; it consists of two 
lateral sacs opening into an unpaired portion (Fig. 471) behind. 
From the anterior end of the two lateral sacs a portion is cut off, 
which apparently becomes the cephalic sections of the adult coelom 
(Fig 472). The further changes of the hinder part of ..the coelom 
into the adult condition have not been followed. 

One of the most remarkable features of the development of Sagitta 
is the early appearance of the generative cells, if indeed they be such. 
These appear in the gastrula stage as a prominence of six cells 
projecting from the hypoblast at the anterior end of the archenteron. 
This mass, on the folding of the archenteric wall, is placed at the 
hind end of the median lobe (Fig. 471), and when the division of the 
archenteron takes place it remains in the coelomic portion (Fig. 472), 



Fio. 472 —A, dor«al ; S, lateral views of an advanced embryo 
of Sugiita (fmm Balfour, after BUtschli). m ifiouth; al 
alimentary canal ; vg ventral ganglion ; ep ectoderm ; cpv 
cephalic section of the body-cavity; so somatic; sp 
splanchnic layer of mesoderm ; ge generative organs. 
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and divides into an anterior and posterior part on each side. The 
former is said to constitute the ovary, and the latter the testis. 

As stated above the Ch4)ietognatha are essentially pelagic organisms. 
They swim by flexion of the body, and have been , taken at 
considerable depths (600 fathoms). One species is littoral {Spaddla 
e^Jiali^tera). 

The Chaetognalhaf in possessing three divisions of the coelom, resemble the 
Brachwpoda, on the assumption that the gastro- and ilioparietal bands of the 
latter group are the remains of transverse coclomic septa (p. 680). In the 
same feature they also resemble BalanoglosmB. The resemblance to the latter 
is, however, diminished by the fact that the division of the coelom into three 
chambers is not au original one, but occurs subsequently to the separation from 
tlie archenteron. There is this further difference, viz., in Balancgloasus it is the 
anterior portion of the embryonic coelom which is unpaired and median, while 
in Chaetognatha it is the posterior part. With regard to the latter point it is 
possible thut further investigations of the embryos of the ChaetogneUka with 
niotlem methods may disclose some errors in the old accounts, and with regard 
to the first, it must not be forgotten that even in the same group the ooelomic 
sacs may differ as to when they divide up transversely; in the Echiruh 
denruUa — in which group it is probable that the typical arrangement of coelomio 
sacs is one unpaired and two paired — the sacs may in some forms arise separately 
from the archenteron, and in others arise by the division of one archenteric 
diverticulum on each side. 

Three genera of Chaetognatha are known. 

Sagitta Slabber, with two pairs of lateral fins. 

Krohnia Langerhans, with one lateral fin on each side extending on to the 
caudal region. 

Spadella Langerhans, with one pair of lateral fins on the tail, and a thickeu> 
ing of epidermis on each side of the body from the head to the fin. 


END OP VOL. I, 
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Abyla, 140. 

Acabaria, 182. 
Acalepbac, 156. 
Acanella, 182. 
Acantharia, .‘U, .‘Ui. 
Acantha«(‘iiH, 92. 
AcantluiHtm<‘a, 196. 
Acantliollu, 96, 133. 
Acanthobdolla, 4 ID, 
612, 613, 617, 627. 
Acanthobothr iiiiii, 246, 

259. 

Acanthoeepbala, 293. 
A'-anthoobiton, 392. 
Acanthocladiuin, 133. 
Acanthocotyle, 234. 
Acanthocystis, 32, 33- 
AcantliodoriH, 412. 
Acantbodrilus, 450, 

600, 601, 613, 511. 
Acaiithogorgia, 182. 
Acanthoisis, 182. 
Acanthometron, 36. 
Acanthometron niiil- 
leri, 3G’’'. 

Acaixthopora, 196. 
Acanthoptiluni, 181. 
Acarniis, 96. 

AcauUs, 130. 

Aoephala, 320. 
Acophalina. 40 . 
Aot'phalocyst, 201. 
Accra, 406, 406. 
Aceroinin\ as, 187- 
Aceros, 2^. 

Achaota, 509. 
Acharadria, 130. 
Achatina, 380. 
Acholoo, 478. 

A chromatic us. 46. 
Acicula, 390, 398- 
Aciculinae, 97. 
Aciciilites, 94. 
Acieulum, 400. 
Acinota, 68. 

Acincta ferramequin- 
um, OG*. 

Acinotidac\ 68. 

Acis, 188. 

Acmaea, 894. 
Acmostomuin, 220 . 
Acoela, 211| 218. 


/ps refer to descriptions Oj 
♦ refers to figure in text.] 

Acoota, 478. 

Acontia, 106. 

A contract ilia, G6. 

Ac<»tylca, 222. 
AcrH.s])cda, 156. 
Acraspodotc, 109. 
Acrohclia, 195. 
Acropballi, 278. 
Acrorbyiicbu.s, 220. 
Actacon, 3G1 , 3G4, 372, 
385, 404, 405, 406. 
Aotaooiiia, 414. 
Actinaugc, 187. 

Actinc, 82. 

Actinelida, 28. 
Actinelius, 36. 
Actineria, 188. 

Act i no rii8, 187. 

Actinia, 187. 

Actiniaiia, 183. 
Actinida(‘, 188. 
Actininae, 187. 
Aotinioidcs, 187. 
Actinoccphali<lae, 40. 
Actinodendron, 188. 
Actinogoniuin, 130. 
Actinoloba, 187. 

Actinoinonas, 22. 
Actinoinyxidia, 47, 51, 
62, 53. 

Actiiiophry.s, 32, 33. 
Actinopsis, 188. 
Actinosphaeriiim, 32, 
33. 

Actinosphaerium eich- 
hornii, 32*. 
Actinostola, 187. 
Actinothrix, 187. 
Aetinotrocba, 646. 
Actinozoa, 168. 

Act inurus, 308. 
Actipylca, 30. 

Acyclus, 807. 

Adamsia, 187. 
Adili.sonia, 394. 

Adelea, 43. 

Adelcidue, 43. 
Adolcinae, 43. 
Adelocodonic, 126. 
Adelqcodonic gono- 
phore, 120. 

Adeonu, 566. 

2 Q 


species or genera. 


Adeon<*lla, 566. 
Adcorbis, 898. 

Adiiiota, 308. 

Adiiiida, 12. 

Adri«Jial, 118. 

Aegina, 186. 

Aegiiiclla, 136. 
Aegineta, 136. 
AegiiiodiseuH, 136. 
Acginodorus, 136. 
Aoginopsis, 109. 
Aeginorhodus, 136. 
Aeginura, 136. 

Aegir, 188. 

Aegiriis, 300, 412. 
Aelidioidea, 412. 
Aelosonia, 455. 

Aeolis, 412. 

Aequorca, 134. 
Aoquoridat', 134. 
Aet€*a, 564. 

Aetheria, 347. 

Agalrria, 153. 
Agalinopsis, 153. 

A gametes, 3. 
Agametogony, 3. 
Agarella, 52. 

Agarella gracilis, 52*. 
Agaricia, 196. 

Agelas, 96. 

Aggregala, 48. 
Aggregatidac*, 41. 
Aglaisina, 149. 
Aglanthii, 185. 
Aglaophcnia, 138. 
Aglaura, 135. 
Aglauropsis, 185. 
Agliscra, 135. 

Aiptasia, 187. 
Airfunnel, 160. 

Al. — aliinentury, 
Alaurina, 219. 
Allwrtia, 309. 

Albumen glands of Oli- 
gochaeta, 605. 
Alcinoe, 208. 

Alciopa, 479. 
Alciopina, 479. 
Alcyonacea, 178. 
Alcyonaria, 175. 
Alcyonella, 568. 
Aloyonidium, 556, 567* 
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Alcyonium, 179. 
Alderia, 385» 413* 
Alacto, 666. 

Al6otona» 97. 

Alexia, 416. 

Algae, 22. 

Algol, 94. 

Alicia, 187. 

Alitta, 479. 

Allantonema, 277, 290. 
Allmaniella, 478. 
Alloiocela, 220. 
Allolobophora, 503, 

612. 

Allopora, 129. 
AlloposuB, 420, 446. 
Allostomum, fSSSO* 
Alluroides, 6M. 
Allurus, 612. 

Alma, 611. 

Alophota, 166. 
Alternation of genera- 
tions, 121. 

Alvania, 611. 
Alyeopora, 197. 
Amalthaea, 180, 181. 
Amathia, 6V7^ 
Amaurochaete, 81. 
Amaurochaetidac, 31. 
Aniaurochaetinae, 31. 
Amaurosporales, 30. 
Amber.snail, 416. 
Ammocharidae, 484. 
Ammoconidae, 98. 
Ammodiscidae, 27. 
Ammodiscus, 
Ammonactis, IM. 
Ammonites, 417, 444* 
Ammothea, 179. 
Ammotrypane, 487. 
Amoeba, 8, 23, 24. 
Amoeba minuta, 24. 
Amoeba proteus, 22, 
23*, 24. 

Amoebiidae, 23. 
Amoebina, 10, 18, 20, 
22 . 

AmoeboBporidia, 69. 
Amoebosporidium, 63. 
Ampharete, 486. 
Amphianthus, 187. 
Amphibdella, 286. 
Amphibia, 44, 50, 52. 
Amphibleptula, 96. 
Amphibiestrum, 666. 
Amphibola, 361, 375, 
414, 416. 

Amphichaeta, 609. 
Amphichoenis, 219. 
Amphioodon, 181. 


Amphieora, 491. 
Ampiiicorinidae, 490. 
Amphioteis, 486. 
Amphicteno, 486. 
Amphidinium, 12. 
Amphidtsc, 92. 
Amphidiscophora, 02. 
Amphiglena, 460. 
Amphihelia, 196. 
Amphilaphis, 182. 
Amphilectiis, 96. 
Amphileptus, 45, 46. 
Amphiiina, 256, 266. 
Amphimonadidae, 16. 
Amphimonadina, 81. 
Amphimonas, 16, 16. 
Amphinema, 131. 
Amphineura, 862. 
Amphinoma, 480. 
Amphipeplea, 416. 
Amphiporus, 271. 
Amphiporus splondens, 
268. 

Amphiptyches, 255, 

266. 

Amphiroa, 149. 
Amphisolenia, 13. 
Amphisphyra, 406. 
Amphistomum, *225, 
288. 

Amphitrotus, 446. 
Amphitrite, 486. 
Amphitrocha, 475, 
Amphuis, 97. 
Amphoriscns, 90. 
Ainpullaria, 374, 378, 
380, 395, 396, 899. 
Anab6K;ia, 196. 
Anachaeta, 495, 609. 
Anacropora, 197. 
Anaitia, 479. 
Anamixilla, 90. 
Anarthropora, 666. 
Anatina, 849. 
Anatinacea, 340, 342, 
849. 

Anatmacea, 328. 
Ancillaria, 386, 897* 
Ancistrum, 60. 
Ancorina, 94. 

Ancula, 410, 412. 
Ancylus, 3/5, 416. 
Ancyracanthufl, 289. 
Ancyromonos, 30. 
Andvakiadae, 188* 
Anemineae, 31. 
Aneinonia, 187. 
Angeiocystinae, 41. 
Angeiocystis, 41. 
Angela, 166. 


Anguiliula, 281, 291. 
Auguillulidae, 282. 
Anguinella, 687. 
Anfeoceras, 480. 
Anisonems, 14. 
Anisopleura, 892. 
Annadrilus, 511. 
Annelida, 39, 48, 447. 
Anocelis, 221 . 
Anodonta, 329, 342, 
343, 847. 

Anomia, 321, 330, 331, 
336, 846. 

Anomiacea, 845. 
Anomiidae, 328, 341. 
Anomocladtdae, 95. 
Anonymna, 211, 217, 
228. 

Anopheles, 46. 
Anophrys, 81. 

Anoplia, 95. 
Anoploccphala, 261. 
Anoplodium, 220. 
Anoplophyra, 56, 60. 
Anoplophyra alluri, 
59*. 

Anoplosyllis, 47S. 
Antenna Rotifera, 
300. 

Antennularia, 133. 
Anteiis, 511. 

Anthastra, 94. 
Anthelia, 178. 
Anthemiphyllia, 194. 
Anthemc^es, 158. 
Antheomorphe, 167. 
Anthobothrium, 259. 
Anthocotyle, 235. 
Anthogorgia, 182. 
Antholoba, 187. 
Anthomastua, 179. 
Anthomedusae, 180. 
Anthophysa, 16, 163. 
Anthopleura, 187. 
Anthopodium, 178. 
Anthoptilum, 181. 
Anthotheia, 182. 
Anthozoa, 168. 
Antipatharia, 190. 
Antipathella, IM. 
Antipathes, 190. 
Antispadix of Nautilus, 
422, 

Aperture of siiell, 361. 
Apex of shell, 325, 
361. 

Aphanipathes, 160. 
Aphanostoinum, 219. 
Aphodus, 78. 
Aphrocallistes, 08 * 
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Aphrodite, 459, 466, 
478. 

Aphrothoraca, 33. 
Aplctcophora, 352. 
Apliistriitn, 400. 
Aplysia, 362, 371, 385, 
404, 407. 

Aplysiella, 407. 
Aplysilla, 93. 

Aplysina, 98. 
AplysinopsiH, 98. 
Aplysioidea, 407. 
Apc^ina, 311. 
Apolemia, 162. 
Apolemopsis, 162. 
AiK)matus, 491. 

Apopyle, 77. 

Aporosa, 193, 194. 
Aporrhais, 400. 
Apfde-snail, 390. 
ApHilus, 300, 307. 
Aptychus, 444. 
Aquiferous canals, 321; 

pore, 357. 

ArabePa, 481. 
Arachnactis, 100, 190- 
Arachnid hint, 667. 
Arachnula, 22. 

Area, 331, 333, 334, 
336, 345. 

Arcacea. 345. 

Arcella, 24. 
Archaeobdella, 526. 
Archiannelida, 461. 
Archidiscus, 35. 
Archigetes, 244, 266. 
Achirhiza, 167. 
Architeuthis, 417, 446. 
Arcidae, 328, .341. 
Arcyria, 81. 

Arcyridae, 31. 

Area, 32.5. 

SArenicola, 450, 461, 
463, 465, 488. 
Arethusa, 166. 
Argiopo, 576, 581, 585. 
Argonauta, 420, 437, 
440, 441, 446. 
Arhvnchus, 296, 297. 
Aricm, 463, 467, 432. 
Aricidea, 482. 

Arion, 379, 416. 
Aripposa, 491. 
Aristenia, 480. 
Armandia, 487. 

Armed calamary, 445. 
Armenista, 144. 
Artomaccao, 486. 
Art«mi8ina, 96. 
Arthropoda^ 39, 40, 49. 


Articiilata, 666. 
Ascaris, 276, 277, 888 . 
Ascoglossa, 413. 

Ascon, 76. 

Asconenta, 92. 

Ascon tdae, 89. 

Asellus, 60« 6f , 68. 
Asexual ’^production, 
71, 218, 221; me- 
dusae, 118; coelen- 
terata, 120 ; poly- 
chaeta, 468 ; oligo- 
chacta, 507. 
Aspergillum, 327, 849. 
Aspidisca, 64. 
Aspidiscidoe, 64. 
Aspidobranchiata, 393. 
Aspidocephalus, 284. 
Aspidocotylo, 238. 
Aspidocotyka, 236. 
iispidogastcr, 232, 287. 
Aspidosiphon, 539. 
Aspidostoma, 666. 
Asplanehna, 303, 309. 
Assiminea, 398. 
Astacobdella, 509. 
Astartiditc, 328, 847. 
Astasia, 3, 7, 14. 
Astasiidao, 14. 

Aster, 85. 

Asterias, 60. 

Asieropo, 479. 
Asteropus, 97. 
Astorosmiiia, 195. 
Astoniata, 58. 
Astraoopora, 197. 
Astrangia, 195. 
Astrolla, M. 
Astrococnia, 196. 
Astroides, 197. 
Astropeplus, 95. 
Astrophora, 94. 
Astropyle, 37. 
Astrorhiza, 27. 

Aatylus, 1^. 
Asymmetry of G astro* 
poda, 383, 385. 
Aihoracophonis, 416. 
Athoralia, 162. 
Athoria, 162. 
Athorybia, 158. 
Atlanta, 401, 408. 
Atoll, 173. 

Atolla, 167. 

Atopos, 416. 
Airactylis, ISO. 
Atretia, 6W. 

Atrium genit^le, 215; 

of Gligochaeta, 505. 
Atrooha, 474. 


Attractonema, 282, 
291. 

Atys, 406. 

Auditory organs, Me- 
dusae, 115. 
Audouinia, 485. 
Auger-shell, 397. 
Aulacantha, 88 . 
Aulactinia, 187. 
Aulactinium, 9S» 
Aulactinium actinas- 
trurn, 37*. 

Aulascus, 92. 
Aulastoma, 516, 627. 
Aulena, 97. 

Aulocalyx, 92. 
Aulochone, 92. 
Aulocystis, 93. 
Aulorchis, 188. 
Aulosphaera, 38. 

Aural ia, 154. 

Aurelia, 100, 167. 
Auroliana, 186. 

Auricle of Ctenophora, 

202 . 

Auricula, 414, 415. 
Auronectae, 153* 
Aurophore, 153. 
Aurophysa, 155. 
Aurora, 94. 

Aurosa, 167. 
Autolytus, 407, 470, 
478. 

Automolos, 280. 
Autozooids, 177. 
AvencUa, 567. 

Avic. =^' avicularia. 
Avicula, 331, 330, 341, 
846. 

Avicularia, 653. 
Axifera, 188. 

Axine, ^8. 

Axinella, 96. 

Axinus, 347. 

Axiothea, 488. 
Axoniderma, 96. 
Azorica, 96. 
Azygobrauchiato, 395. 
Azygoplon, 133* 

Bacillus, 86. 

Badhamia, 30* 

Bajulus, 93. 

Balanites, 92. 
Balanojphyllia, 196. 
Balantidium, 61. 
Balantidium coli, 61. 
Bales, 416 
Barathrobius, 170. 
Oarrior reof, 172. 
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Barrouxia, 41. 
Burrouxinae, 41. 
Baiyhelia, 195. 

Basal plate, coral, 102, 
Basominatophora, 415. 
Bassia, 149. 

Bathelia, 195. 

Bath sponge, 98. 
Bathyactis, 196. 
Bathyanthus, 190. 
Bathycodon, 181. 
Bathydorus, 92. 
Bathygorgia, 182. 
Bathypathes, 191. 
Bathyphysa, 163. 
Bathyptilum, 181. 
Batrachobdolla, 526. 
Bdellodriliis, 509 
Bdelloida, 308. 
Bdelloidoa, 300 
Bdellura, 221 * 

Beania, 565. 

Bebryce, 183. 

Bela, 897. 

Belemnitos, 417, 446. 
Bellonella, 179. 
Benhamia, 497, 511. 
Berenice, 134. 

Bero^, 208. 

Bertramia, 48. 
Bicellaria, 565. 
Bicoeca, 16. 
Bicoocidae, 16. 
Biemma, 96. 

Bifaxa^ia, 565. 
Bidustra, 565. 
Bilharzia, 240. 
Bilimba, 511. 
Biloculina, 27. 
Biloculina depressa, 
27*. 

Bimeria, 130. 
Bipectinate, 394. 
Bipennate (bipectin- 
ate) ctenidium, 373, 
374 

BIspira, 490. 
Bintadiidae, 18, 22, 23. 
Bistylia, 194. 
Bithynella, 898. 
Bithynia, 380, 38 1, 

898. 

Bladdor-worm, 252. 
Blaps, 40. 
Blastodinium, 12. 
Blastopore of Gastro- 
poda, 380 

Blastopore is the 
mouth of the Gas- 
trula. 
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Blastostylo, 120. 
Blepharisma, 61. 

Blood -gland of Gctstro- 
poda, 373. 
Boat-shell, 397. 

Bodo, 17. 

Bodonidae, 17. 
Bohemilla, 509. 

Bo j anus, organ of, 321, 
341. 

Bolina, 207. 

Bolinopsis, 207. 
Bolocera, 187. 
Bombyx, mori, 60. 
Boncllia, 630, 533. 
Bonnet limpet, 398. 
Boopliilus, 46. 

Boring Mussels, 348. 
Borlosia, 272. 
Borlasiasplendtda, 268» 
Bothridium, 256. 
Bothrimonus, 258. 
Bothrioccphalus, 245, 
250, 266. 

Bothrioneuron, 608. 
Bothrioplana, 220. 
Bothromcsostomum, 

210. 

Botyoidal tissue, 519. 
Bougainvillea, 109, 
130. 

Boworbankia, 667. 
Brachiolophus, 168. 
Brachionus, 301, 310. 
Brachiopoda, 573. 
Brachydrilus, 600, 503, 
606, 511. 

Brochytrochus, 194. 
Bract, 139. 

Brada, 489. 
Bradynema, 281, 290. 
Branchellion, 526, 513, 
521. 

Branchial heart, 436. 
Branchiobdolla, 609. 
Branchiomma, 404, 

490. 

Branchiura, 496, 498, 
508. 

Brassica, 30. 

Brettia, 564. 

Briareum, 182. 
Broderipia, 395. 
Bryodrilus, 509. 
Bryozoa, 649. 
Bubble-shell, 406. 
Buccal ganglia, 310 ; 
mass, 369. 

Buccinum, 358, 386, 

896. 


Buchholzia, 609. 
Bugula, 665. 

Bulimus, 380, 416. 
Bulla, 406, 406. 

Bullia, 361, 396. 
Bulloidea, 405. 
Bunodeopsis, 187. 
Bunodes, 187. 
Bursaria, 61. 
Bursariidae, 61. 
Buskia, 567. 

Buskiella, 489. 
Biitschlia, 60. 

Bylgia, 478. 
Byrsophlobs, 220. 
Byssus, 330. 

Caberea, 565. 
Cacochalyna, 96. 
Caecilianella, 416. 
Calamary, 445. 
Calamphora, 132. 
Calcabrina, 95. 

Calcar, 300 
Calcarea, 89. 
Calcareous glands, 407. 
Calcarinoae, 30. 
Caleschara, 565. 

Cal ices, 195. 

Calicotyle, 234. 
Caligorgia, 182. 
Callianira, 207. 
Callidina, 304, 308. 
Callidrilus, 511. 
Calliobdella, 513, 526. 
Callioboihriiun, 244, 
259. 

Callipelta, 94. 
Callipodium, 178. 
Callisis, 182. 
Callistephanus, 188. 
Calliteuthis, 445. 
Callitiara, 131. 
Callizona, 479. 
Callochiton, 392. 
Calonenuneoo, 31. 
Calonympha, 18. 
Calonymphidao, 18. 
Callozostron, 182. 
Calpe, 149. 
Calthropella, 04. 
Calthrops, 84. 
Calycella, 132. 

Calycle, 128. 

Calycle (thoca), 193. 
Calyconc'ctiie, 144. 
Calycophoriflae, 144. 
Calymma, 208. 
Calymmophora, 566. 
CalypterinuB, 182. 
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Calyptoblastea, 126, I 
132, 182. 

Calyptraea, 398. I 
Calypirophora, 182. 
Calyx, 96. 

Caminu?, 94. 
Campanaria, 184. 
Campaniclava, 129. 
Campanopsis, 182. 
Campanularia, 132, 
184. 

Campanulina, 132, 
184. 

CiuKiptonema, 33. 

Canal system of Acras- 
peda, 1 1 2 ; of Craspe- 
dota, 112. 

Canalis gynoecophorus, 
240. 

Cancellaria, 897. 

Canda, 565. 
Canephoridae, 488. 
Canidia, 380, 396. 
Cannophysa, 155. 
Cannorhiza, 168. 
Cannostomao, 167. 
Cannota, 134. 
Caobangia, 402, 491. 
Capillitium, 20, 30, 31. 
Capitella, 401, 486. 
CapiteDifomiia, 486. 
Capitornastiis, 486. 
Capn'^a, 186. 
Capsnlogenous glands, 
506- 

Captacula, 350. 
Capuliis, 398. 

Caravella, 156. 
Carbasea, 565. 
Carchesiurn, 66. 
Cardiacea, 348. 
Cardinal 326. 

Cardita, 347. 

Cardium, 328, 330, 341, 
345,. 348. 

Carinaria, 401, 402. 
Carinella, 270. 
Carinoma, 270. 
Carmarina, 109, 111, 
186. 

Carmaris, 136. 

Camosa, 95. 

Carteria, 14. 

Cartilage of cephalo- 
poda, 427. 

Caruncle, 480. 
Carychium, 416. 
Caryophyllaeus, 246, 
247, 266. 

Caryophyllia, 104. 


Caryospora, 41. | 

CaryoHporinao, 41. 
Caryotropha, 41. 
Caryotrophinao, 41. 
Cassidaria, 393, 400. 
Cossiopca, 187. 

Cassis, 400. 

Cast rad a, 219. 
Catablema, 131. 
Cataulus, 898. 
Catcnaria, 565. 
Catenicella, 565. 
Cathammata, 112. 
Cathypna, 310. 
Caulocalyx, 92. 
Caulophacus, 92. 
Cavemularia, 181. 
Cavolinia, 4G6. 

Cell, 1. 

Cellaria, 554, 566. 
Cellepora, 566. 
Celleporella, 566. 

Cell of polyzoa, 549. 
Collularia, 565. 
Cellularina, 564. 
Cemoria, 395. 
Cenolarcus, 35. 
Conosphaera, 35. 
Cenosphaora echino- 
ides, 30*. 
Centradonia, 141. 
Centropyxis, 24. 
Centropyxis aculeata, 
24*. 

Cophalina, 40. 
Cephalopoda, 417. 
Cephalopods, 41. 
Cephalosiphon, 308. 
Cephalothamnium, 30. 
Cephalothrix, 270. 
Cephea, 187. 

Cerata, 362. 

Ceratina, 07. 
Ceratiomyoxidoe, 30. 
Ceratiomyxa, 30. 
CoratitcB, 444. 
Ceratium, 13. 

Ceratium tripos, 13*. 
Ceratocorys, 13. 
Ceratoisis, 182. 
Ceratomyxa, 52. 
Ceratopogon, 40. 
Ceratopogon solstiti- 
alis, 40. 

Ceratosa, 98. 
Ceratotrochus, 194. 
Cercaria, 229 ; ochin- 
ata, 231 ; macro- 
corca, 231 ; miniita, 
231. 


Cercomcnas, 16. 
Cercyra, 221 . 

Corcactifl, 187. 
Cerobratnlus, 272. 
Ceres, 395. 

Cereijs, 187. 
Ccriantheae, 190. 
Cerianthus, 104, 100, 
190. 

Cerithidea, 357, 374, 
399. 

Cerithium, 386, 399. 
Costoda, 39, 243. 
C^stodariidae, 256. 
Cestodes, 3, 19. 
Ccstoplana, 222. 

Cestus, 208. 
Chaotobranchus, 495, 
509. 

Chactoderma, 855. 
Chaetogaster, 450, 607, 

509. 

Chaetognatha, 23, 586. 
Choetonotiis, 311. 
Chaetopoda, 458. 
Chaotoptcrus, 472, 476 
Chaetosoma, 292, 484. 
Chaetozone, 485. 
Chaetura, 311. 
Chalaroihoroca, 33. 
Chalina, 96. 
Clialinopsilla, 97. 
Chalinorrhaphiu, 96. 
Challengeron, 38. 
Chama, 348. 
Characella, 94. 
Charistophano, 207. 
Charybdea, 160. 

Chary bdoa eye, 117. 
ChaunotouUiis, 445. 
Cheilostomata, 564. 
Cheiracanthufl, 275. 
Chela, 85. 

Chenopus, 400. 

Chilian snail, 416. 

I Chilina, 416. 
j Chilodon, 60. 

Chilodou cucullus, 60*. 
Cbilomastix, 18. 
Chiloinonas, 11. 
Chirodrilus, 509. 
Chirodropus, 166. 
Chironephthya, 179. 
j Chiropsalmus, 166. 
Chiroteuthis, 445. 
Chitinopoma, 491. 
Chiton, 380, 802. 
Chitonactis, 187. 
ChitonanthuB, 187. 
Ohitonelhis, 387, 802. 



IKDIX 


598 

€hlamyiloconcha» 847. 
Chlamydodon, 60* 
Chlamyil<»clonliclae, 60. 
Chlamydomonadidao, 

14. 

Chlarn^^domonas, 14. 
Chlainydomonas niva- 
lis, 14. 

Chlamydophora, 33. 
Clilidonia, 565* 

Chloeia, 480. 
Chloragogon cells, 408* 
Chlorhaoma, 489* 
Chlorocniorin, 4C6. 
Cliloromyxidae, 62. 
Chloi*omyxum, 52. 
C'hlorophyceae, 34. 
Chlorosis, 286. 
Choanocytcs, 74. 
Choaiiophrya, 07, 08. 
Oioanophrya iiifundi- 
bulifera, C7^. 
Choanosoino, 78. 
Chondractinia, 187. 
Chondrenehyme, 70. 
Chondrilla, 95. 
Chondrocladia, 96. 
Chondrosia, 95* 

Chone, 491. 
Ohoneiasma, 93* 

( lif»rd, 83. 

Chomtes, 398. 
Choristida, 83. 

( iiorizopora, 600. 
Chromadoia, 281. 
Chromatophorcs of 
(’ophaloi)ods, 426. 

C }irc)modorig, 412. 
Chromulino, 10, 15. 
Chroimilinidao, 10. 
Chrotella, 94. 
Chrysaniooba, 10. 
Chrysaora, 117, 167. 
Chrysodomus, 896. 
dirysogorgia, 182. 
Chrysomitra, 143. 
Chrysomonadina, 7, 9, 
10, 15, 10. 
Chrysomonads, 3. 
Chrysopefaiuin, 478. 
Chrysosphaerelia, 10. 
ChyJiiria, 280. 
Chytridiiicue, 48. 
Cit5nko\^ skia, 30. 
Ciliata, 4, 53, 54, 50, 
00, 08. 

Ciliophora, 2, 53. 
Ciliophrys, 22* 
Cinachyra, 94. 
CincHdes, 104. 


Oinetochilvim, 60* 
Cioalypta, 96. 

Ciona 40* 

Cionistes, 180. 

Circalia, 152 
Circeis, 491. 
Circoporus, 88. 
Cirratulus, 485. 
Oirrhoteuthis. See 
Cirrot^euthis. 

Cirri, 401. 

Cirripathes, 190. 
Cirrotcuthis, 420, 434, 
438, 440, 446. 

Cirrus, 225. 

Cistella, 676, 581, 585. 
Ciadiscus, 181. 
Cladocanna, 184. 
Cladocarpus, 183. 
Cladocora, 195. 
Cladocoryne, ISO. 
Cladome, 83. 
Cladonema, 180, 131. 
Cladopathes, 191. 
Cladopeltidae, C4. 
Ciadorhiza, 96. 

Clad 118 , 83. 

Clam, S47. 
Claparedilla, 508. 
Clathraria, 182. 
Clathrulina, 88. 
Clatria, 96. 

Clausilia, 380, 415, 

416 

Clava, 129. 

Clavagella, 344, 849. 
Clavatella, 180, 131 ; 

prolifera, 100. 
Clavatula, 897. 
Clavella, 181. 

Clavula, 02, 129. 
Clavularia, 178. 
Clavulinae, 97. 
Clernalissa, 182. 
Clepsine, 513, 519, 523, 
524, 528. 

C I irnacostomum , 61. 
Clio, 372, 406. 

Clioiia, 97. 

Cliono, 307, 408* 
Clionidae, 72. 
Clioiiopsis, 374, 408. 
Clitellio, 608. 

Clitellum, 404, 606 : of 
Hirudinea, 514. 
Cloooftiphon, 589. 
Clymcno, 488. 

Clytia, 132, 184. 
Cnidaria, 128. 
Cnidobla&t, 101. 


Cnidoeil, 101. 

Cniih>8ac, 140, 146. 
Cnidosphere, 143. 
Cnidosporidia, 47. 
Coccidia, 41, 43. 
Coccidioidea, 40, 44. 
Coccidium, 4, 5. 
Coccoiithophora, 11. 
Coccolithophoridae, 1 1 . 
Cocculina, 805. 
Coc})leai*e, 810. 
Cockles, 348. 

Cocoon of earthworms. 

500 ; Hirudinea, 524, 
Codonidoe, 130. 
Codonium, 181. 
Codonoeca, 16. 
Codonorchis, 181. 
Codosiga botrytis, 16. 
Coecum, 300, 399. 
Coelentemta, 54. 
Coelentercn, 100. 
Coeiodcndruni, 88. 
Coelogorgia, 178. 
Coelom, 313; of Gas- 
tropoda, 376. 
Coelomata, 313.. 
Cooloplana, 208. 
Coelopus, 809. 
Coeloria, 196. 
Coelosporidium, 48. 
CoolospoiiJmm peri- 
planctae, 48*. 
Coencnchyma of corals, 
102, 103. 

Coenciichyme, 168, 

100 . 

Cocnocyathus, 1C4. 
Cuenoiiiorpha, 61. 
Coenosark, 125; corals, 
193. 

CoonoBomo, 130. 
Cocnosteum, 128. 
Coonurus, 251, 262. 
Colucium, 14. \ 
Colangia, 195. 

Co lops, 54, 60. 

Colic in horse, 285. 
ColliiHpis, 167. 
Colicnehymo, 70. 
Collinclla, 94. 

Co Hod aria, 35. 
Coliosphoera, 85. 
(yollozoum, 85. 
CoJpidiiim, 3, 60. 
Col])oda, 60. 
Colporiwlae, 00. 
Colpophyllia, 105. 
Columbclla, 896. 
Columella, 103, 361 r 
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Columeltar muscle, 310, 
302. 

Ck>lumniti8, 97. 
Colunis, 810. 
Comatricha, 81* 
Comesoma, 801. 
Conatheca, 425. 
Concharium, 88. 
Concholepas, 3(U. 
Concho]ogi»t8, 398. 
Ck>nchula, 184. 
Conchyolin, 326. 
Condylactis, 187. 
Condylostoma, 61. 
Cone-shell, 397. 

Conis, 181. 
Conjugation, 4. 
Conoceros, tSISt. 
Conochilus, 308. 
Conocyathus, 194. 
Conopora, 180. 
Conorbis, 307. 
Conorhinus, 17. 
Contract ilia, 00. 

ConuB» 301, 3(i2, 397. 
Convoluta, 18, 2 1 1 ,819. 
Cop^us, 309. 
Coppatias, 97. 
Ojppinia, 132. 
Copulation of Ccstoda, 
249; of earthworms, 
600 ; of Gastropoda, 
380 ; of Tromat^Kla, 
220 : of Turbellaria, 
217. 

Coral island, 173. 
Coral-reefs, 171, 
Corallimorphns, 186. 
Corail iophila, 396. 
Corallistes, 94. 
Corallito (theca), 195. 
Corallium, 182. 
Corallum, 191. 

Corals, 183. 

Coramho, 371, 412. 
Corbicula, 347. 

Corhis, 847. 

Corbula, 127, 348. 
Cordylophora, 129. 
Cormkiium, 140. 
Cornularia, 175, 178. 
Cornu lariclla. 178. 
Cornuspira, 27- 
Corona, 299. 

Cortex, 7(». 78. 
Corticclla, 95. 
Corticium, 95. 
Corycella, 40. 
Corydondriuin, 129. 
Corymorpha, 130. 


Corynoctis, 186. 
Coryno, 180. 

Cor3meteB, 131. 
Corynopsis, 130. 
Coscinaraea, 196. 
Coscinoderma, 98. 
Co8cino|K>ridae, 93. 
Costa, 120. 

Costae, 194. 

Costia, 18. 

Cothurnia, 66 . 
Cothumina, 06. 
Cotylea, 228. 
Cotylogaster, 237. 
Cotylorfiiza, 168. 
Cowries, 400. 
Cramboctis, 187. 
Cranibesso, 168. 
Cranchis, 445. 

Crania, 674, 575, 578, 
585. 

Craniolla, 94. 
Craspedella, 284. 
Craspedomonadidae, 7, 
10 . 

Craspedopoma, 398. 
Cras[>cdota, 123. 
Crasfwdote, 109. 
Cr€Ui{iedotejla, 13. 
Crassatollidiic, 328,847. 
Craterium, 30. 
Craterolophus, 184. 
Crateromorpha, 92. 
Crcmnoconchus, 386, 

398. 

Crepidvila, 898. 

Crepis, 84. 

Creseis, 406. 

Cribraria, 81. 
Cribrilins, 565. 
Criodrilus, 498, 506, 
511. 

Crisia, 550, 563, 566. 
Cristatelia, 556, 561, 
568. 

Crithidia, 17. 
Croinyosphaera, 28. 
Croasostoma, 168. 
Cruoiferae, 30. 
Crucigera, 491. 
Crustacea, 50, 65. 
Cryptabacia, 196. 
r^yptobia, 17. 
(;ry|)toceli.s, 222. 

Crypt occphala, 490- 
(Jryptochiton, 360, 362, 
‘387, 392. 

Crypto<londrum, 187. 
Crypt odrilus, 506, 610. 
Cryptohelia, 129. 


Cr 3 rptolaria, 188. 

Crypt omoniklina, 10, 

11 . 

Cryptomonads, 34. 
Cryptomonas, 11. 
Cryptoplax, 387, 392. 
Cryptosporidium, 41. 
Cryptos|K>rinae, 41. 
Crystalline style, 335. 
Crystallodes, 158. 
Crystaliophanes, JTS. 
Ctenaria, 181. 
Ctenidium, 321. 
Ctenidium bipennate 
(bipectinate), 373, 
874 ; monopectin- 
ate, 374. 

Ctenobranchia, 385. 
Ctenodritus, 4M. 
Cienophora, 197. 
Ctonophore, 120. 
Ctenoplana, 208. 
Ctenopteryx, 446. 
Ctenostomata, 666. 
Ctenotaenia, 262. 
Cubogastcr, 131. 
Cuboides, 149. 
Cubomedusac, 166. 
Cucubalus, 149. 
Cucultanus, 235t 280. 
Cucullus, 149. 

Culex, 44, 45. 
Cunantha, 186. 
Cunarcha, 186. 
Cuneolaria, 163. 
Cunina, 186. 

Cunissa, 136. 
Cunoctantha, 186. 

Cup and saucer limpet, 
398. 

Cupularia, 566. 
Cupulita, 153. 
Cuspidaria, 349* 
Ctispidella, 182. 
Cuttle-bone, 417, 425. 
Cuttle tisb, 445. 
Cuvieriiia, 406. 
Cyanea, 107. 
Cyathohelia, 195. 
Cyathoinonas, 81. 
Cyathophyllidae, 175- 
Cyathopodiuni, 178. 
Cyathoscris, 196. 
Cyclas. 341, 342, 343, 
347. 

Cyclochacta, 65. 
Cyelonassa, 396. 
Cycluphorus, 363, 396, 
*398. 

Cycloi>orus, 213, 228. 
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Cydoposthiiim, 62. 
Cycloseris, 198. 
Oyclospora, 41. 
Cyelosporinae, 41, 
Cyclostoma, 35*/, 361, 
398. 

Cyclostomata, 566. 
Cyclostrema, 395. 
Cyclosurus, 898. 
Cyclotus, 398. 

Cydippe, 207. 
Cydippidae, 207. 
Cydonium, 94. 

Cyerce, 413. 

Cylichna, 406. 

Cylicia, 196. 
CyJindroocium, 567. 
Cylindrostomiin*, 220. 
Cylista, 187. 

Cymba. 149, 301, 3S0, 
397. 

Cymbactis, 187. 
Cymbium, 397. 
Cymbonectos, 149 
Cyinbulia, 406. 
Cymbiiliopsis, 371,406. 
Cyphonautes, 557. 
Cypraea, 357, 360, 361, 
363, 400. 

Cyprina, 347. 
C}Tenidae, 347. 
Tyrtaulon, 93 . 

^ ’>Ttornorpha, 219. 

^ ystalia, 165. 

* stenchyme, 79. 

V\ 8t iactis, 187. 

< vsticercoid, 254. 
Cysticercus, 252 ; ten- 
uicolliff, 253 ; lonyi- 
collis, 253 ; fascio- 
laris, 254. 

Cystic -worm, 252. 
Cystobia, 39. 
Cystodinium, 12. 
Cystoflagellata, 13. 
Cytton, 151. 
Cystonectao, 154. 
Cystonula, 155. 
Cystotaenia, 269. 
Cytaeandra, 131. 
Cytaeis, 131. 

Cythorea, 848. 
Cytopyge, 2, 54. 
CytoHtonu', 1.3, 15, 10. 
CyttnrocycIiH, 62. 

Dactylocalyx, 98. 
Dactylogynis, 236. 
Dactylomctra, 167. 
Dactylominyas, 187. 


Dactylophoritlao. 40. 
Dnctylozooid, 122, 126, 
128. 

Daedalopelta, 94. 
Dalhousia, 477. 
Damiria, 96. 
Danymene, 480. 
Daphnia, 50. 

Dart-.sae, 379. 
Darwinella, 98. 
Dasmosmilia, 195. 
Daay branch lift, 486. 
Elasychono, 404, 491. 
Dasydytes, 311. 
Dasygorgia, 182. 
Dasylepis, 478. 
Dasyphyllia, 195. 
Daudebardia, 416. 
Pead men’s tingors, 179 
Decapoda, 444. 
Decollation, 300, 30). 
Dcinodrilus, .506, 511. 
Deiopea, 207. 
Dciphinula, 395. 
Deltocyathus, 194. 
Demospongiao, 93. 
Dendoryx, 96. 
Dendrilla, 93. 
Dendrobrachia, 191. 
Dendroclava, 129. 
Dondrocoelum, 221. 
Dendrocomotes, 68 . 
Dendrocomef idae, 08. 
Dendrocora, 195. 
Dendrogyra, 196. 
Dendromonas, 10. 
Dendronemu, 181. 
Dendroneroi.^, 479. 
Dendronotii'-’, 412. 
Dendropb\ Ilin, 196. 
Dendropsis, 96. 
Dendrosonia, 68 . 

Dend rosofn id 68. 
Dcndrostoina, 580. 
Dentaliimi, 352. 
Deodrilus, 510. 
Depastrella, 164. 
Depastrum, 164. 
Dercitiis, 94. 

Drrrnalia, 01. 

Dermal membrane, 76. 
Dermal pore, 70. 
Jlcrmatoliranelms, 374, 
412. 

Derm(?.steH, 40. 

Dero, 509. 
Derostomnm, 220. 
Desma, 84. 

Dcsmacolla, 96. 
Desmacidon, 96. 


Dcsmacidonidao, 9C. 
Dosmalia, 149. 
Desmogaster, 510. 
Dosmonema, 187. 
Desmophyes, 149. 
Desmophylhiin, 194. 
Desmopterus, 406. 
Desmoscolex, 292. 
Desmoscyphus, 133. 
Desmothoraca, 33. 
Detorsion, 385. 
Deiitomerite, 30 
Devescovina, 18. 
Dexiobranchaoa, 4C8. 
Dextral shell, 360. 
Diachaota, 502, 506, 
511. 

Diachoris, 565. 
Diactine, 82. 
Diafungia, 196. 
Dialychone, 491. 
Dialynoiiry, 305, 303. 
Dianema, 31. 
Diascbiza, 309. 
Diaseris, 196. 
Diastopora, 566. 
Diatoms, 25. 

Diaiilic, 378. 

Diblosiis, 195. 
Dibrancliiata, 444. 
Diceras, 325. 
Dichocoenia, 196. 
Dichogaster, 510. 
Dichoraea, 197. 
Dicodoninm, 131. 
Dicoryne, 130. 
Dicotyliis, 221. 
Dicranocanna, 134. 
Dictydiaethalimn, 31. 
Dietydium, 31. 
Dictyocolyx, 92. 
Dictyocha, 11. 
Dictyoeladium, 133. 
Dictyocy]in<lniJ*, 96. 
Dictyonalitt, 0‘.. 
Dictyonina, 03. 
Dictyostelimn, 29. 
Dicyemidae, 240. 
Dicymba, 152. 
Didinium, 60. 
Didymidae, 31. 
Didymium, 31* 
Didymium difforme, 
30*. 

Didyrnophyos, 40. 
Diflymophyidae, 40. 
Dictymozoon, 240. 
DiflOugia, 24. 

Digaster, 510. 

Digenea, 
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Digcnctic, 228. 

Diglena, 809. 

DiloptuH, 60. 
Dimorpha, 22 . 
Dimyaria, 320, 330. 
Dimyidae, S67. 
Dinema, 181. 
Dinonyinpha, 18. 
Dinifera, 12. 
Dinobryon, 9 , 11. 
Dinocharis, 809. 
Dinoflagellata, 7, 8, 10, 
11, 12, 13, 34. 
Dinophilus, 496, 457. 
Dinophysidae, 13. 
Dinophysis, IS. 
Dioecious, 70. 
Diopatra, 481. 
Diophrys, 68 . 
Diotocardia, 898. 
Dipetasus, 185. 
Diphasia, 188. 
Diphyes, 149. 
Diphyllobothrinm, 256. 
Diphyopsis, 149. 
Diplax, 809. 
Diplectanum, 286. 
liipleurosoma, 134. 
Diplobothrium, 238. 
Diplocardia, 511. 
Diplocheilus, 133. 
Diplocotyle, 256. 
Diplocyathus, 182. 
Diplocystis, 89. 
Diplodal, 78. 
Diplodina, 39. 
Diplodinium, 12, 54, 
56,62. 

Diplodinium ccauda- 
tum, 55*. 

Diplodiscus, 229, 288. 
Diplodonta, 847. 
Diplois, 309. 
Diplommatina, 898. 
Diplonchus, 222. 
Diplophysa, 149. 
Diploria, 195. 
Diplosiga, 17. 
Diplostonium, 238. 
Diplozoon, 22G, 235. 
Diplura, ISO. 
Diporochaeta, 510. 
Diporpa, 235. 
Diponila, 906. 

Diptora, 44. 

Dipurena, 181. 
Dip^li<Uum, 248, 261. 
Discalia, 14S. 

Discina, 678, 683, 684, 

985 . 


Disciniflca, 586. 
Discocelis, 222. 
Discocyathiis, 194. 
Discodermia, 94. 
Discohex€M;t, 92. 
Discomedusao, 106. 
Discomorpha, 02. 
Discomorphidae, 62. 
Disconalia, 143. 
Disconanthae, 141. 
Disconectae, 141. 
Disoon ula, 141, 143. 
Discophrya, 60. 
Discopus, 304. 
Discosoma, 186. 
Dislocabe, 158. 
Disporea, 62. 
Dissepiments, 193. 
Di'isogony, 206. 
Dissonema, 184. 
Distemmft, 309. 
Distephanus, 11. 
Distichopora, 129. 
Distichopiis, 509. 
Distomatina, 16, 19. 
Distomum, 238 ; aga- 
mos, 227, 231 ; cirri- 
gerum, 226 ; clavi- 
gerum, 226 ; cyg- 
noides, 229, 231 ; 

cylindraceum, 226 ; 
echinatum, 231 ; 
hepatic um, 229, 231; 
lanceolatum, 229 ; 
mcicrostomum, 231; 
ovocaudatum, 229 ; 
tereticolJe, 229. 
DistyJa, 310. 
l^isyringa, 94. 
Dochmius, 280, 286. 
Docoglossa, 894. 

] )odecaceraea, 485. 
Dodecaceria, 485. 
Dog-whelk, 396. 
Dolabolla, 407. 
Dolichoplana, 222. 
Doliocystis, 40. 
Dolium, 378, 400. 
Domopora, 688. 
Donax, 847. 

Dondorsia, 355. 
Doramasis, 149. 
Doratopsis, 445. 

Doric lioklea, 412. 
Doridiiim, 362, 405, 
406. 

Doridopsis, 371, 412. 
Doris, 385, 412. 

Dorsal in oestoda, 247, 
248. 


Dorsal in polyaoa, 558 ; 
nematoda, 276 ; pen* 
natulacca, 180; so* 
tiniaria, 184. 
Dorylaimus, 291. 
Dor^leres, 97. 

Dosinia, SOI. 

Doto, 418. 

Dragma, 86. 
Dragmastra, 94. 
Dreissena. 848. 
Drepanophorus, 871. 
Drim, 179. 

Drillia, 897. 

Drilonereis, 481. 
Druinella, 98. 
Druppulb, 85. 

Dul^nia, 181. 
Dujardinia, 476. 
Duncania, 194. 
Duthiersia, 256. 

Duva, 179. 

Dysactis, 187. 
Dyscannota, 184. 
Dysidoopsis, 98. 
Dysmorpha, 181. 
Dysmorphosa, 181. 

Ear-shell, 394. 
Earthworm, common, 
612 ; habits, 607. 
Ecardines, 585. 
Ecdysis, 276. 
Echeneibothrium, 244, 
859. 

Echinella, 284. 
Echinobothrium, 869. 
Echinoclathria, 96. 
Echinococcifer, 261. 
Echinococcus, 251 , 263. 
Echinoderes, 818. 
Echinoderm, 60, 65. 
Echinodictyum, 96. 
Echinomera, 40. 
Eohinopora, 196. 
Echinorhynchus, 897. 
Echinospira, 362. 
Echiuroidea, 627. 
Echiurus, 528, 530, 
538. 

Eoionoma, 94. 
Eclipidrilus, 608. 
Ectocyst, 649. 
Ectoderm, 99. 
Ectopleura, 1^, 181. 
Eotoprocta, 684. 
Kctosome, 78.. 
Ectyoninae, M. 
Edwardsia, l89. 
Eimeriai 42*. 
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Eimeria 8chubergi» fil. 
Eimeria stiedae, 4l« 
£iiiieriidae/41, 44. 
Eiineriinae, 41. 
Elaamobrai^hs, d2. 
Eleotra, 865. 

Eledone, 446, MS. 
Elephantiasis, 289. 
Eleutheria, lU. 
Eloaotis, 188. 

Elysia, 418. 

Elysioidea, 418. 

Elytra, 461. 
Emarginula, 361,. 376, 
884. 

ESmbadomonas, 16. 
Embolocephalus, 608* 
Eminoacoiex, 611. 
Emma, 666 . 
Enchelidae, 60. , 
Enchelidiitm, 881 . 
Enchelys, 60* 
Enohytraeus, 665, 608. 
Eneotyllabe, 884. 
Endoooale, 184. 
Eiidoc3n3t, 649. 
Endoderm, 99. 
Endoderm lamella, 112. 
Endogastric, 426 ; coil, 
384. 

Endomixis, 4, 66. 
Endopsammia, 197.* 
Endosmosis, 3. 
Endosporeae, 30. 
Enerthenema, 31. 
Enipo, 478. 

Snoplidae, 282. 
Eimgoteuthis, 440, 

Enoplus, 881. 
Entalophora, 666. 
Entamoeba coli, 24. 
Entamoeba hi 8 tol 3 rtica, 

84. 

Entamoeba muris, 23*, 

84. 

Enteric cavity, 99. 
Enteroatomum, 880. 
Entocolax, 320, 366, 
371, 408. 

Entoooneha, 386, 366, 
371, 377» 378, 386, 
408. 

Entodinium, 08. 
Entoprocta, 668 . 
Entosiphon, 14. 
Entovalva, 327, 341, 
345, 848. 

Eolis « Aeolis. 
Bosphora, 808. 


I Epallax, 97. 

I Epenthesis, 184. 

I Ephelota, ^ 68 . 
Ephelota gemmipara, 
67*. 

Ephesia, 476. 
Ephipodonta, 847. 
Ephydatia, 96. 
E^^yra, 167, 161, 

E]^3rroninae, 158, 168. 
Epibdella, 884. 
Epilmlia, 149, 166. 
Epim^ritei 38, 40. 
B]pf|k>diai 318. 
^podiuip, 667. 
IB^ietome, 551 ; of 
Phoronis, 643. 
Epiatreptophy Hum, 
196. 

Epistylis, 66. 

Epitheca, 194. 
Epithelio-muscle, 100. 
Epithetosoma, 588. 
EpizoanthuB, 189. 
Erato, 400. 

Eretmia, 810. 

Ereutho, 486. 
Eriographidae, 490. 
Eriographis, 491. 
Erpocotyle, 286. 
Erriha, 189. 

Ersaea, 149. 

Ersaeid, 148. 
Eryoinidae, 847. 
Erylus, 94. 
Er 3 rthropodium, 178. 
Eschara, 566. 
Escharina, 665. 
EscharoideB, 566. 
Esperella, 96. 
Esporiopsis, 96. 

Eteone, 479. 

Euaster, 85. 

Euborlasia, 278. 
Eucarphus, 491. 
EucecryphaluB, 88. 
Eucharis, 807. 
Euchilota, 184. 
Euchlanis, 810. 
Euchlora, 807. 
Euchone, 491. 
Eucoccidia, 41. 

Eucope, 184. 

Eucopim, 184. 
Eucrambessa, 168. 
Eucratea, 664. 
Euoryptomonadidae, 

11 . 

Eudendrium, 180. 


Eudictyum, 98. 
Eudorina, 16. 
EudoxeUa, 148. 
Eudoxia, 146. 
Eudoxid, 148. 
Eudriloides, 502, 611. 
Eudrilus, 506, 611. 
Eugorgia, 188. 
Euglena, 3, 7, 14. 
Euglenidae, 13. 
Euglenoidina 3, 8, 10, 
13. 

Euglypha, 80, 84. 
Euglypha globose, 84* 
Eugregarinaria, 39, 40 
Euichthydina, 811. 
Eulalia, 479. 
EulameUibranchiata, 
887. 

EuUma, 408. 

Eumenia, 489. 
Eunemertes, 871. 
Eunephtlwa, 179. 
Eunice^ 481. 

Eunicea, 188. 
Euphroeyne, 462, 480 
EuphyUia, 196. 
Euphysa, 181. 
Eupilema, 168. 
Euplectella, 98. 
Euplocainus, 412. 
Euplokamis, 807. 
Euplotes, 54, 63. 
Euplotidae, 63. 
Eupolia, 272 - 
Eupolynoe, 478. 
Eupornatus, 473, 491. 
Eupompe, 478. 
Eupsammia, 196. 

Eur. = Europe. 
Eurato, 491. 

Eurete, 98. 
Eurhamphaea, 807. 
Eurylepta, 888. 
Euryleptidae, 210. 
Euryplegma, 98. 
Eurypylous, 77. 
Eurythoe, 480. 
Eusamytha, 486. 
Eusmilia, 196. 
Euspongia, 98. 
Eustrongylus, 884. 
Eusyllis, 476. 
Euthelepus, 486. 
Euthyneura, 408. 
Eutima, 184. 
Eutimalphes, 184. 
Eutimeta, 184. 
Eutimium, 184. 
Evactis, 187. 
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Excretion in polyps, 

102 . 

Excretion pores of me- 
dusae, 113. 
Exocoele, 184. 
Exogastric, 424 ; coil, 
384. 

Exogone, 467, 478. 
Exosporeae, 30. 
Exumbrella, 108. 
Exuviella, 12. 

Eyes of Gastropoda, 
367. 

Fabrieia, 463, 464, 491. 
Farciminaria, 565. 
Farrea, 98. 

Farrella, 566, 567. 
Fascicled, 126. 
Fasciculipora, 566 
Fasciolaria, 397. 

Favia, 196. 
Favositidao, 178. 
Fecampia, 220. 
Female, 70. 

Fenja, 188. 

Ferussacia, 416. 
Fielding ia, 93. 
Fig-shell, 400. 

Filaria, 275, 278, 280, 
288. 

Filibranchiata, 845. 
Filigrana, 468. 
Filograna, 491. 

Fiona, 410, 418. 
Firoloida, 402. 

Fission, 3. 

Fission of embryonic 
polyzoa, 663 ; zone 
of, 607. 

Fissurella, 360, 361, 
367, 376, 380, 385, 

894. 

Flabelligera, 489. 
Flabellum, 194. 
Flagellates, 4, 14, 18. 
Flame-cell, 209. 
Fletcherodrilus, 510. 
Floresca, 167. 
Flosoula, 167. 
Floscularia, 301, 307. 
Floscularidae, 300. 
Fluke, 238. 

Flustra, 554, 565. 
Flustramorpha, 566. 
Flustrella, 669, 567. 
Flustrina, 665. 

Foaina, 18. 

Folliculina, 61. 

Food reserve, 3. 


Foot of Lamellibranch, 
330 ; of ilollusca/ 
318; of Nautilfui, 
422. 

Foramina, 25. 
Foraminilera, xv, 20, 
23, 25. 

Forcepia, 96. 
Forcipate, 307. 
Forskalia, 15S. 
Forskaliopsis, 158. 
Fossarus, 898. 

Fossils, 5, 35. 
Foveolaria, 565. 
Fredericella, 568. 
Freshwater Gastropo- 
da, 386 ; Medusa, 
134 ; Steptoneura, 
386. 

Fridericia, 509. 
Fringing reef, 171. 
Frondipora, 566. 
Frontal organ, 218. 
Frontonia, 60. 
Fulcrum, 307. 

Fulgar, 897. 

Fuligo, 80. ' 

Fulla, 179. 

Fungia, 196. 
Fungiekcyathus, 194. 
Funiculina, 181. 
Funiculus, 561. 

Funnel of Cephalopo- 
da, 422 ; of Cteno- 
phore, 197. 
Furcularia, 809. 

Fusus, 898. 
f ,w. = fresh-water. 

Gadinia, 362, 375, 414, 

416. 

Galatea, 847. 

Galaxea, 196. 
Galeolaria, I'tt. 
Galeomnm, 8f7. 
Gedeommidae, 827. 
Gammarufl, 65, 06, 68. 
Ganglion cells, 100. 
Gapes, 285. 

Garveia, 186. 
Gasterostomnm, 810. 
GcMtral ostia, 112. 
Gastralia, 98. 
Gastmoa^OC. 
Gastrobaiud, 142. 
Gastioehaena, MB- 
Qastroootyie, 2tf . 

GastriKliBetts, 898. 
Ottstroparietal, 578. 
QttiiroplMmella, tf . 


Gastropoda, 866 . 
Gastropteron, 362, 406. 
Qsstrothylax, 288. 
Gastrotricha, 810. 
Qastrotrocha, 475. 
Giuptrovaacular spctce, 
99. 

Qastrozooid, 128. 
QelUodes, 96. 

GelHus, 06. 

Gemellaria, 109, 131, 

564. 

Gemellipora, 666 . 
Gemmaria, 180, 181, 
189. 

Gemmulatrochus, 194. 
Gemmule, 87. 

Gen. = genital. 

Gena, 8^. 

Genethyllis, 479. 
Genital setae, 606. 
Geobdella, 616, 627. 
Geodesmus, 282. 
Geodia, 94. 

Geography, 6. 
Geonemertes, 270, 871. 
Geoplana, 222. 
Georissa, 895. 
Geoscolex, 503, 511. 
Gephyra, 187. 
Gephyrea armata, 527, 
534. 

Gephyrophora, 566. 
Gerardia, 190. 
Gersemia, 179. 
Gersemiopsis, 179. 
Geryones, 186. 
Geryonia, 186. 

Giant fibres, 463, 497. 
Giardia, 8, 20. 

Giardia microti, 19^. 
Gigantoiiiynchus, 897. 

I Glandina, 416. 
Gland-shields, 484. 
Olangkorper, 24. 
Glass-snail, 416. 
Glaucoma, 60. 
Qlaucus, 418. 

Gleba, 371, 406. 
Glenodinium, IS. 
Qleaodinium einetuiu, 
12 ^. 

Qlobioeps, ISL. 
dobigmna, M. 
Globl^rinidse, 25. 
Oloohidium, 944. 
Glomeris, 48 . 

Qlossina moieitans, 17 
GIomm palpalts, 17. 
Giossiphoiila, 526. 
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GloMocodoiiy U6« 
Glossoconusy IM* 
Glottidia» 584, 686. 
Glngea, W. 

Glugea lophii, 60* 
Glyoers, 488. 
Glyphidrilus, 611. 
Gnathobdellidae, 686. 
Gnathostoma, 275. 
Godefroyia, 181. 
Golfingia, 688. 
Gohactinia, 189. 
Gonad ==» generative 
gland. 

Gonadial ooelom, 314. 
Gonads medusae, 117. 
Gonangium, 126. 
Ck>natu8, 445. 

Goniada, 488. 
Goniastraea, 196. 
Goniatites, 444. 

Gon. xial groove, 104 ; 

Aloyonaria, 177. 
Gonicdoma, 18. 
Goniodoris,412. 
Gonium, 9, 14. 

Gonium peetorale, 16*. 
Gono-palpon, 155. 
Gonophore, 119, 126. 
Gonosome, 126. 
Gonospora, 40. 
Gonostyles, 139. 
Gonotheca, 126. 
Gonynema, 184. 
Gordiodrilus, 610. 
Gordius, 898. 
Gorgonacea, 181. 
€k)rgonia, 188. 
Gorgonellidae, 188. 
Gossea, 186, 811. 
Graffilla, 280. 
Grammaria, 188. 
Grantessa, 90. 

Grantia, M. 

GreeOa, 479. 

Green oyster, 346. 
Gregarina, 40. 
Gregarines, 3, 39, 41. 
Gregarmidae, 40. 
Qregarinoidea, 38. 
Gromia, 25. 

Grubea, 476. 
Grubianella, 486. 

Gt. Brit. := Great Brit- 
ain. 

Guard of shell, 4i5, 
Guard polyp, 126. 
Guinea-worm, 289. 
Ouivillea, 897. 
Gumminidae, 95. 
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Gurley^ 60. 

Guttulina, 88. 

Guynia, 194. 

Gymnamoobina, 23, 25. 

Gymnoblastc^a, 189. 

Gymnoblastic, 126. 

Gymnocor3au), 180. 

Gymnodinidac, 12. 

Gymnodinium, 18. 

Gymnoglossa, 408. 

G 3 rmnolaemata, 564. 
G3mmosarca, 178. 

Gymnostomata, 60. 

Gyrator, 214, 8M. 

Gyrinus natator, 40. 

Gyrocoriidae, 61. 

Gyrocorys, 61, 68. 

Gyrocotyle, 866. 

Gyrodaotylus, 227, 886. 

Gyrodinium 18. 

Haastia, 06. 

Habrodiotyum, 98. 

Haeckelia, 807. 

Haemadipsa, 627. 

Haematococcus, 4, 
14. 

Haematophagus, 61. 

Haementaria, 526. 

Haemerjrthrin of Poly- 
chaeta, 465. 

Haemocoele is a peri- 
visceral cavity con- 
taining blood. 

Haemocoele of Gcustro- 
poda, 375. 

Haemocoolic body- 
cavity, 317. 

Haemocyanin in Gas- 
tropoda, 373 ; Mol- 
luscs, 321, 330. 

Haemocystidiiim, 46. 

Haemoglobin in Chae- 
toderma, 355 ; in 
Gastropixla, 373 ; 
Hirudinea, 518; 
Molluscs, 321, 330 ; 
Nemertoa, 208 ; 
Neomenia, 354 ; Oli- 
gochaetes, 497 ; Po- 
lychaeta, 405. 

Haemogregarina, 48. 

Haemogregarina step- 
anowi, 43^. 

Haemogregarinoc, 43, 
44. 

Haomopis, 527. 

Haemoproteidac, 44. 

Haemoproteus, 44. 

Haemosporidia, 43, 44. 


Haimca, 178. 
Halatractus, 180. 
Halcampa, 188. 
Halcanipolla, 188. 
Halcyonellea, 667. 
Halecium, 188. 

Halia, 886. 
Halichondria, 96. 
Halichondrina, 96. 
Halicornaria, 188. 
Haliclystus, 117, 164. 
Hs ilcryptus, 541. 
Halicyathus, 164. 
Haliotis, 360, .301, 362, 
367, 376, 380, 894. 
Haliphysema, 27. 
Halipteris, 181. 
Halisarca, 98. 
Halisceptruni, 181. 
Halisiphonia, 188* 
Halistemma, 158. 
Halia, 480. 

Halme, 98. 
Halocordyle, 180. 
Halodora, 479. 
Halomitra, 196. 
Halopsis, 134. 
Halopsyche, 406. 
Halopyramis, 149. 
Haloseris, 196. 
Halosydna, 478. 
Halteria, 68. 
Halteriidae, 62. 
liamacantha, 96. 
Hamingia, 531, 588* 
Hapalia, 207. 
Haplobranchus, 491. 
Haplodiscus, 219. 
Haplophyllia, 194. 
Haplophysae, 141. 
Haplorhiza, 168. 
Haplosporidia, 47, 48, 
50. 

Haplosporidium, 48. 
Haplosporidium hoter- 
ocirri, 47 ♦. 
Hannothoe, 478. 
Harpa, 897. 

Harp shell, 397. 
Hartea, 1*2^. 

Haswellia, 566. 

Head of Annolida, 447. 
Hebella, 132. 
Hectocotylised arm, 
440. 

Hectocotylus, 42 1 . 
Hedge-snail, 410. 
Hedrioblast, 120, 126. 
Hedruris, 289. 
Hokaterobranchus,486. 
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Helcion, S94. 
Holiantraea, 196. 
Helicinu, 372, 895. 
HeliodriluB, 611. 
HelioBagelUflae, 22. 
Heliolites, 177. 
Heliopora, 179. 
Heliosphaera eohin- 
oides, SB*. 

Holiosoa, 20, 22, 31, 32, 
33. 

Helix, 380, 416. 
Helmet-shell, 400. 
Hemicardium, 848* 
Hemidasys, 811. 
Hemidinium, 12. 
Hemifusus, 897. 
Hemipodus, 488. 
Hemipteron, 17. 
HemiBtomum, 288. 
Hemitrichia, 81. 
Hemituhifex, 668. 
Hemphillia, 416. 
Henlea, 509. 
Henneguya, 58. 
Hepatozoon, 48. 
Hermadion, 478. 
Hermaea, 418. 
Hermaphrodite, 70 ; 

duct, 378. 

Hormella, 492. 
Hermelliformia, 49 1 . 
Hermiono, 459, 478. 
Hermodice, 480. 

Hero, 412. 

Herophila, 188. 
Herpetomonas, 17. 
Herpobdella, 48, 526. 
Herpolitha, 196. 
Hertwigia, 98. 
Hesione, 477. 
Hesperodrilue, 496, 


Heteractis, 188. 
Heterakis, 884. 
Heterochaeta, 508. 
Heterocheilus, 284. 
Heterocoela, M. 
Heterocordyle, 130. 
Heterocotylea, 288. 
Heterodactyla, 187. 
Heterodera, Schaohtii, 
890. 

Heterodermidao, 31. 
Heterodoris, 374, 412. 
Heterogamy Trema- 
toda, 232. 
Heterokaryota, 63. 
Heteromeyenia, 96. 
Heteromita, 17. ^ 


Heteronema, 98. 

Heteronemertini, 278. 
Heteroneieis, 467. 
Heteropegma, 90. 
Heteropliinacia, 485* 
Heterophymia, 94. 
Heteropia, 90. 
Heteroplon, 188. 
Heteropoda, 887, 400. 
Heteropsammia, 196. 
Heterorraphidae,. 96. 
Heterostephanus, ISO. 
Heterosyllid, 468. 
Heteroterebella, 486. 
Heterotricha, 61. 
Heteroxonia, 178. 
Hexabranchus, 418. 
Hexaceratina, 88. 
Hexacotyle, 886. 
Hexact, 91. 
Hexactinella, 98. 
Hexactinellida, 90. 
Hexaetinia, 188. 
Hexactiniae, 186. 
Hexactinomyxon, 58. 
Hexamitus, 20. 
Hexarthra, 810. 
Hoxaetcr, 92. 
Hoxasterophora, 92. 
Hibemaevda, 656. 
Himanfxistoma, 168. 
Hinge, 324. 

Hinnites, 847. 
Hippocrene, 181. 
Hipponoa, 480. 
Hipponyx, 888. 
Hippopodius, 150. 
Hippopus, 848. 
Hippospongia, 96. 
Hippothoa, 666 . 
Hippuraria, 567. 
Hircinia, 98. 
Hirudinea, 518. 
Hirudo, 513, 516, 618, 
519, 586. 

Histioneis, 18. 
Histiopsis, 445. 
Histioteuthis, 420, 426, 
445. 

Histriobdella, 455. 
Histriodriltis, 4W, 467. 
Holascue, 98. 
Holaxonia, 182. 
Holomasti^tes, 19. 
Holomastigotidae, 19. 
Holophyra, 60. 
Holorhynchocoelomia, 
271. 

Hoiostomatous, 361. 
Holostomidae, 232. 


60S 

Holoatomum, 218 ; 
pens, 226. 

Holotricha, 58, 59, 62. 
Holotrichous, 53, j 9. 
Homalogaster, 218* 
Homalog^, 356, 808* 
HomoocMNa, 88* 
Homorraphidae, 96. 
Hood of K^autilua, 421. 
Hoploohalina, 96. 
Hoplonemeriini, 266. 
Hoplophora, 94* 
Hormathia, 187* 
Hormiphora, 287. 
Hormogaater, 506, 511* 
Homera, 586. 

Horse leech, 627 ; 

sponge, 87, 98. 
Hubrechtia, 878. 
Huxleya, 5M. 

Hyalea, 406. 
Hyalinoecia, 481. 
Hyalocylix, 406. 
Hyalonema, 88 . 
Hyalonemertes, 871* 
Hyalopomatopeis, 481* 
Hyalostylus, 82. 
Hyattella, 97. 
Hybocodon, 180, 181* 
Hydatid cyst, 263. 
Hydatina, 305, 306, 
809. 

Hydnophora, 196* 
Hydra, 1, 68, 187; 

tuba, 159. 
Hydractinia, 180. 
Hydrallmania, 188. 
Hydranth, 126. 
Hydranthea, 180. 
Hydrida, 187. 
Hydrobia, 898. 
Hydiocaulus, 126. 
Hydrocena, 896. 
Hydrocephalis, 126. 
Hydrocli^um, 126. 
Hydrocorallinae, 187 
Hydrocyst, 138, 139. 
Hydroecium, 146. 
Hydroides, 
Hydrolaridae, 188. 
Hydrophanes, 478. 
Hydropbore, 188. 
Hydro^yllium, 139* 
Hydrophyton, 126. 
Hydrorhiza, 121, 126. 
Hydroeoma, 125. 
Hydrotkeca, 125. 
Hydroaoa, 123. 
Hydrunis, 11. 
Hymedesmia, 97* 
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Hjnneniacidbnt 96* 

Hymenolepis, 251 « t81« 
H 3 rineiiomoiiiKiidiie»l 1. 
Hymenomonas, 11, U« 
Hymenostomata, 
Hymefaphia» $0. 
Hypanthea, ItS. 
Hypariodrilust Sll. 
Hyj^nnaaiigma, 15,17» 

Hypnogorgia, 188. 
Hypobranchial gland, 
3454 of gastropoda, 
358. 

Hypocoma, 68. 
Hypooomidae, 68. 
Hypodermis, 275. 
Hypophare, 77. 
Hypophorella, 656. 
Hypopyxis, IZt- 
Hyporh 3 mchus, 880. 
Hypotricha, 62, 63, 64. 
Hypostome, 100. 
Hypiscomus, 490. 
Hystrichis, 

Hystrix marina, 478. 

lanthella, 98. 
Ichthyaria, 666. 
Tchthydium, 811. 
Ichtbyobdella, 513, 

686 . 

^'.hthyonema, 889. 

; ^ithyophonus, 48. 
^'hthyophthirius, 60. 
hthyosporidium, 48. 
f^iligorgia, 188. 

Idalia, 418. 

Idia, 188. 

IdiosepiuB, 440, 441, 

445. 

Idmonea, 666. 

Idol shell, 399. 
nioparietal, 578. 
lUoricata, 808. 

Ilyactis, 188. 
Ilywitltus, 188. 
UyodriluB, 508. 
Byogenia, 511. 
ImnMdiate eggs, 806. 
Imogine, 888. 
Imperforate shell, 361. 
Im^ictilata, 666,686. 
Inol. including. 
Incudate, 307. 

Incus, 307. 

Inermia, 98. 

Inf undibulumof Oteoo- 
phore, 197. 

Infus. «= infusion. 


m>nx 


Infusoria, 66. 
Ikdoteuthis, 446* 

Jjok sao, 417, 424. 
Insscta, 50. 

Ibteroanal, 76. 
btermesenteria), 184. 
Intememal, 136. 
latemode, 549. 
Ijaterradial, 118. 
Inlerseptal loculi, 194. 
Inisrtentacular organ, 
552. 

Intoohellina, 60. 
Intromesenteiial, 184. 
lophon, 06. 

Ipnione, 478. 

Irene, 184. 

Irenium, 184. 
Iridogorgia, 188. 
Isakis, 884. 

Isaunis, 189. 

Isidella, 182. 

Isis, 188. 

Ismenia, 355. 
Isocardia, 325, 847. 
Isopleura, 887. 

Isopod, 60. 

Isops, 94. 

Isoptora, 18. 

Isospora, 41. 
Isosporinae, 41. 
Isostricha, 61. 
Isostrichidae, 61. 
Ixodes, 46. 

Janita, 491. 

Janthina, 357, 367, 

368, 380, 393, 896. 
Janua, 491. 

Janus, 385, 410, 411, 
418. 

Jasmineira, 491. 
Jeffreysia, 898. 

Jelly, 99. 

Jensenia, 880. 

Joenia, 19. 

Joeniidae, 19. 
Jouannetia, 848. 

Kaliapsis, 94. 
Kalpidorhynchus, 40* 
Karyolysus, 48. 
Kefersteinia, 477. 
KeUya, 848. 

Keroeides, 188. 
Kerona, 68. 

Kerria, 511. 

Key •hole limpet, 394. 
Kinetoskias, 553, 566. 
Klossia, 48. 


KlossieUa, 41. 
Koellikeria, 840. 
Kophobelemnon, 181. 
Kraussina, 686. 
Kropnia, 691* 
Kynotus, 511. 

Labial oommissure, 
366. 

Labial palps, 335 ; of 
gastropoda, 356, 366. 
Labidunis, 8M. 
Labiopora, 129. 
Labium of shell, 361. 
Labrorostratus, 471. 
Labrum of shell, 361. 
Labyrinthuia, 22. 
Labyrinthulidae, 22. 
Laceration, 169. 
Lacerta, 17. 
Laoinularia, 308 
Lacuna, 898. 
Lacydonis, 479. 
Laeocochlis, 399. 
Laetmonice, 478. 
Lafoea, 188. 

Lagena, 28, 897. 
Lagenidae, 28. 
Lagenipora, 566. 
Lagonophrys, 66. 
Lagisca, 478. 

Lagoon island, 173. 
Lamblia, 19*, 20. 
Lamellaria, 362, 898. 
Lamollibranchiata, 
324. 

Lamellibranchs, 60. 
Lampetia, 207. 
Lamprospo rales, 31. 
Lanassa, 485. 
Laiid-leech, 527. 

Land • planarians, 221, 

222 . 

Land -snails, 416. 

Land -sole, 416. 

Langia, 272. 

Lanistes, 361. 
Lankesterella 44. 
LankestereDa ranar- 
um, 44*. 
Lankesteria, 40. 
Lcuiuginella, 98. 
Laodice, 138, 184. 
Laomedia, 181. 
Laonome, 491* 

Lar, 130. 

Laranda, 481- 
Larval Iddneys of gas* 
tropoda, 382. 
Lasaea, 345, 847. 
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Lateral organs of ne- 
mertea, 267. 
Laterals of radula, 370. 
Latinis, 897. 
Latruncalia, 97. 
Lamer's canal, 226. 
Laverania malariae, 
46. 

Leaohia, 446. 

Leaena, 486. 

Leanira, 4*^. 
Leoanooephalus, 276. 
Leda, 328, 337, 846. 
Leech^, 512, 526. 
Lefroyella, 98. 
Legerella, 48. 
Le^rellinae, 43. 
Leibleih, gland of, 371. 
Leimacopeis, 888. 
Leiocephalus, 488. 
Leiochone, 4M. 
Leiodenmatium, 96. 
Leiopathes, 190. 
Leioptilum, 181. 
Leiosella, 98. 
Leiotealia, 187. 
Leiotropic shell, 360. 
Leishmania, 17. 
Lelapia, 90. 
Lembadion, 61. 
Lembus, 61. 

Lemnisci, 294. 
Leocarpas, 80. 

Leodora, 491. 

Leonura, 168. 

Lepeta, 894. 
Lepidametria, 478. 
Lepidasthenia, 478. 
Lepidoderma, 81, 811. 
I^pidomenia, 866. 
Lepidonotus, 478. 
Lepidopleurus, 478. 
Lepidosiren, 68. 
Lepralia, 666. 
Leptastraea, 196. 
Leptobrachia, 168. 
Leptochiton, 898. 
Leptoconchus, 896. 
Leptodera, 281, 890. 
L^ptudisous, 18. 
Leptogorgia, 188. 
Leptomedusae, 188. 
Leptomonas, 16, 17. 
Lepton, 847. 
Leptopenus, 196. 
Leptoplana, 888. 
Leptopoma, 898. 
Leptopsammia, 107. 
Leptoptilum, 181. 
Leptoria, 196. 


Le^toscyphus, 181, 

Leptoseris, 196. 
Lepiostoma, 516, 687. 
Lepioth(3oa, 68 . 
Leptotheca agilis, 51*. 
Lempsia, 96. 
Lesueuiia, 8^. 
Leuoandra, 90. 
Leuoariste, 486. 
Leucascus, 90. 

Leucia, 4179^ 

Leucilla, 90 
Leucochloridium, 231. 
Leucocytozoidae, 44. 
Leucodore, 488. 
Leucoella, 188. 

Leucon, 77. 
Leucosolenia, 75, 89. 
Leucyssa, 00. 

Levant sponge, 98. 
Libyodriltis, 498, 611. 
lAcea, 81. 

Liceidae, 31. 
Llchenopora, 666. 

' Licnophora, 66 
Licnophoridae, 64, 65. 
Lictorella, 188. 
Lieberkt^nia, 86. 
Life-cycle, 4. 

Ligula, 247, 255. 

Lilaea, 149. 

Lima, 338, 341, 847, 
344. 

Limacina, 360, 361, 
362, 372, 406. 
Limapontia, 385, 414. 
Limax, 357, 361, 362, 

416. 

Limicolae, 508. 
LImnaea, 380, 414, 416. 
Limnaeidae, breathing 
of, 375. 

Limnatis, 687. 

Limnias, 299, 808. 
Limnocnida, 122, 187. 
Limnooodium, 122, 
184. 

Limnodrilus, 608. i 
Limnorea, 181. 
Limopsis, 846. 

Limpet, 394. 

Linantha, 167. 
Lindbladia, 81. 
Linerges, 167. 

Lineus, 878. 

Lingula, 868, 575, 577, 
578, 584, 686. 
Liniscus, 167.^ 
Linophysa, 166. ' 


Linuche, 167. 
Lionotus, M. 
Liostomum, 686. 
Liotia, 806. 
Lipobimchius. 489. 
Lipocephala, 884. 
Liponema, 188. 
Liriantha, 186. 
Liriope, 186. 
Lithactinia, 196. 
Lithistida, 94. 
Lithobius forficatus, 
40,41. 

Lithocircus, 86. 
Lithocolla, 88. 
Lithodomus, 331, 344, 

846. 


Lithoglyphus, 898. 
Lithophyllia, 196. 
Litiopa, 357, 8M. 
Littorina, 374, 380, 

386, 898. 

Lituaria, 181. 
Liver-fluke, 238. 
Lizusa, 181. 

Lizzella, 181. 

Lizzia, 181. 

Lob-worm, 488. 
Lobatae, 207. 

Lobiger, 404, 406. 
Lobophytum, 179. 
Lobopsammia, 197. 
Lobularia, 179. 


Locomotion, 2. 
Loimia, 486. 

Loligo, 441, 446. 
Loligopsis, 446. 
LolioluB, 441, 446. 
Lomanotus, 418. 
Looping snail, 398. 
Lo^adorhynchus, 474, 


LophiuB piscatoriu8,50. 
Lophooercus, 406. 
Lophochaeta, 608. 
Lophogorgia, 188. 
Lophohelia, 196. 
Lophomonadidae, 19. 
Lophomonas, 19. 
Lophophore, 551. 
Lophopus, 556, 668* 
Lophoseris, 196. 
Lophosmilia, 196. 
Loidoatat 809. 

Lottia, 376. 

Love-dart, 379. 
Lov4nella, 188. 
Loven*8 larva, 461, 


453. 

Loxodes, 00. 
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Loxosoma, 549, 572. 
Lubomirakia, 90* 
Lucernaria, 11 IM. 
Lucina, 340, 847. 
Luciniclae, 328, 342. 
lAiciiiopeis, SIB. 
Luflana, 98. 
Lug-wonn, 48B. 
Lumbrioonereifl, 471, 
481. 

Lumbriculua, M6« 
Lumbricua, 494, 497, 
502, 504, 505, 518. 
Lunula, 325. 
Lunularia, 686. 
Lutraric^ 328, 848. 
Lycastis, 479. 
Lyohnagakna, 158. 
Lychnorhiza, 168. 
Lycogala, 81. 
Lycogalidae, 31. 
Lycoridae, 479. 
Lygomorpha, 181. 
Lyidium, 94. 
Lymphatic gland of 
Mollusca, 321. 
Lyonsia, 328, 331, 849. 
Lyonsiella, 849. 
Lysarete, 480. 
Lysidice, 481. 

Lysippe, 486. 
Lyasacina, 98* 
Lytocarpus, 188. 

M. marine. 

Ma.n. »= Macronucleue. 
Macandi4wia, 94. 
Macdulfia, 481. 
Maoho-pol^, 126. 
Maclurea, 

MaoraspiB, 2W. 
Macrobdella, 526. 
Macromese^tery, 189. 
Macrorhynchus, 220. 
Macrostomum, £L9. 
Maotra, 847. 
Madoniactis, 188. 
Madraeis, 195. 
Madrepora, 197. 
Madreporaria, 191. 
Ifaeandrina, 195. 
Blaeandrospongidae, 

98. ^ 

Magalia, 477. 

Ma^lona, 465, 404. 
Magilus, 357, 386, 896. 
Magog, 97. 

yaracobdeUa,270,278. 

Ilalacodermata, 188. 
Malacoaaotua, 92. 
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Malacotylea, 232, 887. 
Malaria, 46. 

Maldane, 488. • 

Male, 70. 

Malleato, .307. 

Malleus, 307, 846. 
Mallomonas, 10. 
Malmgrenia, 4^. 
Manayunkia, 471, 491. 
Manicina, 195. 

Mantle, 319, 358. 
Mantle -cavity, 319 ; of 
gastropoda, 374. 
Manubrium, 108. 

Mar. = marine. 
Margarita, 81, 895. 
Margaritana, 327, 847. 
Margaritella, 98. 
Margaritidae, 31. 
Margelis, 181. 
Margellium, 131. 
Marginal anchors, 117; 

bodies, 115. 
Marginals of radula, 
370. 

Marginella, 897. 
Manonia, 411, 509. 
Marmanema, 135. 
Marphysa, 467, 481. 
Marsenina, 362, 377, 
898. 

Marsupialida, 166. 
Mastax, 303. 
Mastigamoeba, 21. 
Mastigella, 4, 21. 
Mastigias, 168. 
Mastigina, 21. 
Mastigina setosa, 21*. 
Mastigocerca, 809. 
Mastigophora, 2, 4, 7, 
20,21,568. 
Mastobranchus, 486. 
Mathilda, 399* 
Meandrosoris, 196. 
Mecynostomuin, 219. 
Medora, 167. 

Medusa, 108. 
Medusetta, 38* 
Medusites, 162. 
Medusoid, 120, 126. 
Medusome, 139. 
Megachaeta, 511. 
Megalactis, IW. 
Megalomastoma, 398. 
Megalotrocha, 301, 
808. 

Meganephric nephricla, 
498. 

Megamicleus, 53. 
Megapora, 5M* 


Megaaoleres, 81, 82. 
Megasolerophora, 94. 
Megascolex, 610. 
MogascolidoH, 494, 498, 
501, 502, 506, 510. 
Mcgerlia, 

Melaenis, 478. 
Melampus, 415. 
Melania, 380, 386, 890. 
Melanopsis, 399. 
Meleagrina, 327, 341, 
846* 

MoHbc, 412. 

Meliccrita, 565. 
Molicerta, 303, 807. 
Melicertaria, 132. 
Melicertella, 134. 
Meliccrtidi.uin, 134. 
Melicertiesa, 134. 
MeUcertuin, 133, 134. 
Meliiderma, 96. 
Molinnu, 486. 
Molinnopsis, 486. 
Melitodes, 182. 
Melittionidiv*, 93. 
Melophyso, 153. 
Melusina, 167. 
Membranijiora, 550, 
565. 

Membraniporella, 565* 
Menella, 183. 

Menipea, 665* 

Mera, 491. 

Mermis, 275, 282, 

289. 

Mermithidae, 289. 
Meromyaria, 276. 
Merona, 129. 
Mertenisa, 207. 
Mertensid larva, 201. 
Merozoites, 3, 
Merulina, 106* 
Mesacmaea, 188. 
Mesenchytracus, 503, 
609. 

Mesenterial Olameiit, 
103. 

Mesenteries (Antho- 
zoa), 103. 

Mesenteron of moll us- 
ca, 320. 

Mesoglaea, 99. 
Mesogonion, 135. 
Mesomitosis, 20. 
Mesonema, 184. 
Mesonemertini, 270. 
Mesostomum, 215, 219- 
Mesotroclia, 475. 
Mesozoa, 1, 243. 
Metachronous, 54. 
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Metacineta» 68 . 
Motacinotidae, 68. 
Metadrilus, 611. 
Metagonesifl, 122. 
Metameric segmenta- 
tion, 315. 

Metamorphosis of Gas- 
tropod larva, 383. 
Metanemertini, 271. 
Metapodium, 357. 
Metastatic, 228, 238. 
Metastatica, 8S7. 
Metazoa, 1, 70. 
Metonanchora. 96. 
Metopidia, 810. 
Microcalthrop, 86. 
Microchoeta, 494, 511. 
Microciona, 96. 
Microcodon, 300, 809. 
Microcotyle, 286. 
Microdrilus, 510. 
Microgamete, 29. 43. 
Microhydra, 127. 
Micromosontery, 189. 
Micronucleus, .53. 
Microplana, 222. 
Micropora, 565. 
Micro[>orol]a, 566. 
Microptilum, 181. 
Microrhabd, 85. 
Microsclere, 81, 83. 
Mieroscolex, 510. 
Microsporidia, 47, 48, 
49. 

Microstoma, 211. 
Microstomidao, 218. 
Microstomum, 214, 

219. 

Microtaeniinae, 254, 

261. 

Micro thoracidae, G0,62. 
Microthorax, 60. 
Microtrio<l, 85. 
Mierura, 272j^ 

Mildewwl wheat, 290. 
Miliolinidae, 27. 
Millopora, 129. 
Millsonia, 510. 
Mimosella, 667. 

Mi.n. Micronuclcus. 
Mineralogists, 308. 
Minyas, 100, 187. 
Miracidium, 229. 
Mitactis, 187. 

Mitra, 897. 

Mitraria. 476. 
Mitre-shell, 397. 
Mitrocoma, 184. 
Mitrocomella, 184. 
Mitrooomium, 184. 


Mitrophyes, 149. 
Mnemia, 207. 
Mnemiopsis, 208. 
Mnestra, 123 ; para- 
sitica, 109. 

Modeeria, 181. 

Modiola, 846. 
Modiolaria, 344, 847. 
Modulus, 899. 

Molleria, 895. 

Mollusca, 05, 316. 
Monact, 91. 

Monactine, 84. 
Monadidae, 16. 

Monas, 15, 16. 
MonauJic, 378. 
Monaxon, 82. 
Monaxonida, 95. 
Monhystera, 291. 
Moniezia, 246, 262. 
Moniligaster, 606, 510. 
Monocaulus, 180. 
Monocercomoncks, 18. 
Monocotyle, 284. 
Monocystis, 4, 40. 
Monodonta, 395. 
Monogastrie, 146. 
Monogenea, 238. 
Monogenet ic, 228. 
Monomyaria, 326, 330. 
Monopectinate, 306 ; 

ctenidium, 374. 
Monophyes, 149. 
Monoporus, 219. 
Monopylea, 35, 36. 
Monosiga, 16. 
Monosporogenea, 50. 
Monostomum, 225, 
240; faba, 226; 
flavum, 229, 231 ; 
mutabile, 229, 231. 
Monostyla, 310. 
Moiiothalamia, 25. 
Monotocardia, 895. 
Monotus, 220. 
Monoxenia, 178. 
Monozoio, 244. 
Montacuta, 345, 847. 
Montipora, 197. 
Moniira, 810. 

Mo]wa, 182. 

Mopsella, 182. 
Moseloya, 196. 
Mother-of. pearl, 326. 
Mucronella, 566. 
Muggiaca, 149. 

Holler's larva, 218. 
Midler's law, 36. 
Murex, 361 , 378, 380, 
386, 896 . 


Murioeides, 182. 

Mussa, 195. 

Mussels, 346 ; fresh- 
water, 347. 

Mutela, 847. 

Mya, 348. 

Myacea, 348. 
Mycedium, 196. 
Mycetophyllia, 195. 
Mycetopiis, 847. 
Mycetosporidiuin, 30. 
Mycetozoa, 3, 20, 22, 
29. 

Myliusia, 98. 
Myochama, 840. 
Myonemes, 2. 
Myophriska. 2, 34. 
Myopsida, 445. 
Myrianida, 471, 476. 
Myriapoda, 41. 
Myriastra, 94. 
Myriothela, 130. 
Myriozouin, 566. 
Mystides, 479. 
Mytilacea, 846. 

Mytilia, 310. 

Mytilidae, 328. 341. 
Mytihis, 330, 331. 342, 
346. 

Myxamf)ebae, 29 30. 
Myxicola, 463, 404, 

491. 

Myxidiulao, 52, 
Myxidium, 52. 
Mvxidium incurvatum, 
52*. 

Myxilla, 96. 
Myxobolitlae, 52. 
Myxobolus, 52. 
Myxobolus ellipsoides, 
51*. . 

Myxoflagellates, 29, 30. 
Myxogasteres, 30. 
Myxospongida, 95. 
Myxosporidia, 47, 60, 
63. 

Myzobdella, 509. 
Myzostomida, 492. 

N.Am. = North 
America. 

N.Z. == New Zealand. 
Nacreous, 326. 

Nadina, 219. 
Naegeliella, 11. 

Nail, 448, 494, .507, 

509. 

Nannodendron, 179. 
Napopora, 197. 

Narica, n8. 
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Ntcottteduwie, U8* 
Naaellartak, S6. 

Na«iella»«. 

Natica, S61» dm, S86, 

«7* sn. SIO. 

Naupbaoia, 167» f7t« 
Natsmaa, 197. 
Naiisithoe, 197. 
Nautilus, 417. 490,491, 
494, 433-441, 443, 
4M. 

Navioella, 361* 

“ Nebetikeni,” 93« 
Kectalia. in. 
Kectocalyx, 130. 
Nectonema. 299* 
Nactanemertes, 971. 
NectophyBa, IW. 
Neetoaome, 139. 
Neda.499. 

Neadham's aae, 439. 
Kc41ia, m. 
Namatliaiimathaa, 979. 
Namatobotliriuiii, 949. 
Namatocyvt, 101, 911 ; 

in MulluBca. 419. 
Natnatoda, 974. 
Neuiatogm, 949. 
Naiiial<ifiiorplia. 999. 
Katnaiooeteia, 491. 
Namatophofe, 196. 
Nemstoxya, 9B4. 
Nemeitea, 999. 
Keniertuiea, 40. 
Namartodrilus. ill. 
Ncnneiiapaifl, 971. 

Nmn pais, lU. 
Neogamy. m, 

Neohelia. IM. 
Neomenia, 9ii. 

Neopelta. 94. 

Neorhyn^ua, 990, 987. 
Neoaqdioiua, 94. 
Neo^)ondia, 46. 
NaoUia, 4K. 

Nepheiia, 518, 519, 593, 
594.599. 

Kapfafidia, 450; mega- 
nqplnie,498 ; {deeto- 
na^urie, 500; leetal, 
502 ; jpepto-p 450. 


314. 

Napliridiopufa, 314. 
Mofittidltaii of flnafitr 
poda,f79$ Polysoa^ 


Waiiimaafmia, HL 
Napfatliya, 179 . 


Neplilihv8,459,476.490. 
Naraiditofiiiia, 475. 
Naiailapaa, 439* 
Nmia. 465, 468, 471, 
473, 479. 
Narilla,478. 

Narinaea, 999. 
Narina,475,4S9. 
Narita, 361, 380, 996. 
Naritina, 996. 
Naritopata, 996. 

Nerve oal^ 100. 
Nerves in Medusae, 
114. 

N0thea,94. 
Neurofibrillae, 3. 
Neuropodium, 460. 
Nicidion. 481. 

Nicolea, 486. 
Nleomaelie. 488. 
Nidalia, 179. 
Nidamantal stands. 
440. 

NiUschia, 234. 
Noctiluca, 19. 
Nodoaaria. 87. 88. 
No^oaariidae, 28. 
Nodoaiiiellklaa, 97. 
Noduliiia. 87. 

Noaema, 60. 
Noaemaapia, SO. 
KoaMna bombycia, 50. 
Notamia. 565. 
Notarobw, 357, 369, 
407. 

I.vtaulax,!!!. 

Notens, 910. 

Nothol^ 910. 
Notobranchaea, 374, 


Nufcritton of sponge, 
80. 

Nyohia, 478. 
NyotoUiems, 56, 61. 
Njrctotharua pisolcola, 
61*. 

Obelaria, 194« 

Obelia, 198, 194. 
Ooaanapia, 96. 

Ocelli D^usae, 116. 
Ochromonadid^, 11. 
Ochromonaa, 11, 16* 
OcnerodriloB, 510. 
Ootobotbrium, 926, 
895. 

Octocanna, 194. 
Octochaetus, 501, 609, 
505,611. 
Octomaralia. 166. 
Ociomitus, 20 . 
Ootonema. 194. 
Octiphallia, 188. 
Ootopoda, 321. 445. 
Octopus, 433, 440. 448. 
Octorchandra. 184. 
Octorchidium. 194. 
Octorchis, 194* 
Octoapofaa. 50. 
Oculina, 196. 

Oc3rroe. 808. 
Odontobius, 891. 
Odontocjrathus. 194. 
Odontof^ra. Ml. 320. 
Odontophoie. 320. 909. 
Odonto^llis, 476. 
Odoatomia. 377. 
Oecistes, 9M. 
Oegopai^ 420, 438, 


Notocirms, 481. 
Notocoiyle. 849. 
Notomasftus, 486. 
NotomiwUa. 300. 998. 
Notopbyllum, 479. 
Notopo^um, 460. 
Notopa.S08. 
Nolopygoa, 463, 489. 
Nbloltooliiis, 194. 
Notykiis,6]JU 
Niidialcirnls^481. 
Nudearia, 98. 

Noeleiis 6i opeteohim. 
361. 

Naeala, 998, 991, 339, 
937,916. 

Nandidaa, 941* 
NtidibcaiiafaiB«a,4l8. 
Nid^ii a, 171. 
IfuittUMittfeae^ 89, 


Oerstedia, 271 ; palli- 
da, 968. 

Ogmogaster. 840. 
Oikomonadidae, 16. 
Oikomonas, 15, 16. 
Oikomonas termo, 16^. 
Oligooelis, 881. 
Oligoomaa, 98. 

53, 60, 

Ollgoeladus, 889. 
OUgognaihus, 471. 
Qligonema. 91. 
O^igoii^iciiia, 96. 
Oligcipofogenaa, 50« 
(MigotxiQiBa, 61, 63. 
CHIndlaa, 196* 
08^999,997. 
OUvaiieiBafte,9f7. 
Ottv«ikb966^961,l97* 
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Olullanua, 2SS* 
OlynthuBy 75, 89. 
Omalostomuin, 819. 
Ommatostrephes, 4M. 
Omphalopama^ 4M« 
Omphalopomopeis^Ml . 
ChichidiopBis, 377, 888. 
Onchidium, 368, 378, 
385, 414, 416. 
Onchnesoma, 537, 589. 
Onchobothrium, 269. 
Onchocotyle, 8M. 
Oncholaimus, 891. 
Onchopora, 585. 
Oncboporella, 585. 
Onchosphere; 251. 
Onchotrochuci, 194. 
Onuphifl, 481. 
Onychochaeta, 511. 
Onychodromus, 68. 
Onychodromus gran- 
diB, 63*. 

Onycho teuthis, 42 1 , 

445. 

Oocorys, 400. 

Ooeciiun, 550. 

Ootypo, 226. 

OpaHna, 59* 

Opalina ranarum, 59*. 
Oporcularia, 66. 
Operculum of Gastro- 
poda, 357, 361 ; of 
Polyzoa, 650. 
Ophelia, 467, 487* 
Ophioides, 188. 
Ophiodiscus, 187. 
Ophiodromus, 477. 
Ophrydiuni, 68* 
Ophryocystis, 40. 
Ophryodendridae, 68. 
Ophryodendron, 68. 
OphryoBcolecidae, 62. 
Ophryoscolex, 62. 
C^hryotrocha, 481. 
Opislhohranchiata, 

408. 

Opisthobranchiate, 

374. 

Opisthotrema, 240. 
Optstomum, 880. 
Oractis, 189. 

Oral vacuole, 33. 
Orbitolites, 88. 
Orbitolitidoo, 28. 
Orcheobius, 48. 
Orchitophiya, 80. 
Omithocercua, 18* 
Oinilhomyia, 44. 
Oraacena, 88 . 
OrcluBtonia, 184. 


Organ pipe coral, 178. 
Organklua, 178. 

Oria, 491. 

Orifice, 550. 

Oriner, 394. 

Orpietla, 418. 
Orthoceras, 444. 
Orihoconcha, 326. 
Orthonectids^, 840. 
Orthoptera, 18, 19. 
08eareUa,95. 

Oaculum, 72. 
Osphrndiiun, 320 ; of 
Gastropoda, 3645 ; 
Lamcllibranch, 333.* 
Os sepiae, 417. 

Ostrea, 330, 846. 
Ostreidao, 328, 338, 
341, 342, 344. 
Othonia, 491. 

Otina, 415* 

Otiorhynchus fuscipos, 

30. 

Otoconia, 367. 

Otocyst, 214. 

Otocysts of Medusae, 
115 ; of Polycliacta, 
463. 

Otolith, 367. 

( ItotnesoHtoinum, 219. 
Oto[dana, 221. 
Ot(>{x>rpa, 113. 
Ototyphloneracrtes, 
271. 

Ovicell, 650. 
Oviposition of Oastro- 
l>oda, 380 ; of Oligo- 
chaota, 506. 

Ovula, 400. 

Ovum, 70. 

Om onia, 207, 484. 

Oxea, 82. 

OxydromuH, 477. 
Oxyhexact, 92. 
Oxyrrliis, 12. 

Oxysoinii, £84. 
Oxytriclia, 63. 
Oxytrielikluo, 63. 
Oxyuris, 275, 279, 

284. 

Oyster, 346. 
(^branehus, 5£6. 

Pachastrclla, 94. 
Pachychiilina, 98. 
Paehydrilus, 509* 
Pachymatisma, 94. 
Pachyiisaininia, 198. 
Paehy^riH, 198. 
Paedophylax, 478* 


Paleae, 460. 

Palephyra, 117. 

Pali, 193. 

Pallial bay, 326 ; cav- 
ity, 319. 

Pallium, 319. 
Palmicellaria, 508. 
Palmyra, 478* 

Palola, 481. 

Palixicles, 139, 151. 
Palp of Polychocta, 
459. 

Pal)K>n, 138, 139. 
Paludieella, 556, 567. 
PaliMiina, 363, 376, 

380, 381, 383, 395, 

899. 

Pahidomus, 899. 
Pnlytlioa, 189. 
Pandoca, 181. 

Pandora, 849. 
Pandorina, 9. 15. 
PonthidiN, 478. 
Paper-nautilus, 446. 
Pap\^rula, 94 
Paraiiasai, 17. 
Paractklno, 183. 
Paractinia. 187* 
PametLs, 1 .7. 
l^aract iu.M, 480. 
Paradriliis, 511. 
Paraga.stric eanal, 20 1 . 
Paragorgia. 182- 
l*arajmmia, 19- 
Paralcyoiiiiiiii, 179 
Paramevidao, 60. 
Paramecium, 3, 54, 58, 
60 . 

P. aundi^ 58*, 61. 

P. bursaria, 81. 

P. caudatum, 57*, 61. 
Paramenia, 855. 
Paramoeba. 28- 
X’aramuriceti, 182. 
I’uranefditliya, 179. 
PurontiiMithes, IM- 
Paratithus, 187. 
Pam{xxlal conktnissure, 
409. 

ParaidieUia, 187. 
Parapodium, 357, 458. 
Parapolytoma, 14* 
Parapylae, 37. 
Paraseison, 819. 
Parasmiliu, 195- 
Parasitic Gastropoda, 
386, 402 ; Lainelli- 
branchiaU^ 345 ; 
MoIKum^ M3. 
Parazoonthua, 189. 
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Parenchyma, 200, 211. 
Parenchymaiia, 92. 
Parenchytrooiis, 509. 
Parendrilus, 511* 
Parioto 'Vaginal mus- 
cles, 550. 

I'arisis, 182. 
Parmacella, 416. 
Pamiophorus, 361, 
895. 

Parmula, 96. 
Parthenogenesis, 70. 
Pasythea^ 564. 

Patella, 360, 362, 367, 
369, .371, 372, 374, 
376, 380, 385, 394. 
Patollina, 27. 

Patera, 167. 

Pavonaria, 181. 
Peachia, 188. 

Pearl oyster, 327, 346. 
Pearly - nautilus = 
Nautilus. 

Pectanthis, 135. 
Pectanthus asteroides, 
109. 

Pecten, 331, 332, 333, 
334, 341, 342, 347. 
Pectinaria, 402, 486. 
Pectinatella, 568. 
Pectinia, 195. 
Pectinibranchiata, 395. 
Pectinidae, 328, 

Fectis, 135. 
Pectunculus 333, 345. 
Pectyllis, IJ j. 

Pedal ganglion, 319; 

gland, 357. 

Pt^alion, 302, 810. 
Pedetes, 809. 
Pedicellina, 572. 
Pedipos, 415. 

Pedum, 847. 

Pegantha, 136. 

Pegasia, 136. 

Pelagia, 167. 

Felagobia, 479. 
Pelagonemertes, 266, 
270, 271. 

Pelecypoda, 824. 
Pelodera, 290. 
Pelodrilus, 504, 506. 
Pelodytes, 277, 280. 
Pelogenia, 478. 
Pelomyxa, 3, 24. 
Peloscolex, 508. 

Pelta, 404, 405, 406. 
PemmatodiscuB, 208. 
Pen, 425. 

Pcneroplis, 27* 


Penis, 215 ; of Gastro- 
poda, 378. 

Pennaria, 180. 
Pennatula, 181. 
Pennatulacea, 179. 
Pentact, 91. 
Peptonephridia, 450. 
Peraclis, 406. 
Peranema, 14. 
Peranemidae, 14. 
Perforated shell, 361. 
Pericardial gland, 322, 
436 ; glands of Lam- 
•llibranehs, 341. 
Pericardium of Gastro- 
poda, 375, 377. 
Perichaena, 31. 
Perichaeta, 501, 506, 
510. 

Pericolpa, 111, 165. 
Pericrj^pta, 165. 
Pericystic, 139. 
Peridiniidae, 12, 
Peridiniiim, 18. 
Perigonimus, 180. 
Perionyx, 510. 
Periostracum, 326. 
Peripalma, IW. 
Periphriigella, 93. 
IViiphylla, 111 , 165. 
IVrip^laria, 35. 

Tv cisark. 124. 

I’erisipht ;iia, 133- 
Peristome of shell, 361. 
Peristomium, 447. 
Perilrachelius, 284. 
Peritrieha, 64, 68. 
Peritromidae, 63. 
Peritromus, 63. 
Perivisceral cavity of 
Gastropoda, 375. 
Periwinkle, 398. 

Pema, 336, 846. 
Pememal, 136. 
Peromedusae, 165. 
Peronia, 414, 416. 
Peronium, 113. 
Perradial, 118. 

Persa, 135. 

Petachnum, 185. 
Petalomonas, 14. 
Petaloproctus, 488. 
Petalostoma, 589. 
Potasata, 185. 

Petasus, 185. 
Petricolidae, 848. 
Petrosia, 96. 

Petta, 486. 

Phacellae, 111. 
Phacellophora, 167. 


Phacus, 14. 
Phooocapsidae, 11. 
Phoeocyslis, 11. 
Phaoodaria, 37. 
Phaeophyccae, 10, 11. 
Phaeothamnion, 11. 
Phagocata, 210, 221. 
Phakellia, 96. 
Phalacroma, 18. 
Phanerocari)ae, 159. 
Phanerocephala, 475. 
Phanerocodonic, 126. 
Phaneta, 895. 
Phnscolion, 539. 
Phascolosoma, 536, 
589. 

Phosianella, 895. 
Pheasant-shell, 395. 
Phellia, 188. 
l^hellodermR, 96. 
Phenacia, 485. 
Pheronema, 92. 
Phcrusa, 4^. 
Phialidiiim, 134. 

Phial is, 134. 

Phial ium, 184. 

Philine, 362, 405, 406. 
Philodina, 299, 300, 
304, 308. 

Philomodusa, 188. 
Philomyous, 418. 
Philonoxis, 421, 441, 
446. 

Phlobotomiis, 17. 
PIdocodictyinae, 96. 
Pholadacea, 848. 
I’holodidea, 348. 
l^holadomya, 849. 
Pholos, 327, 331, 344, 
348. 

Pholoe, 478. 
Phoriospongia, 98. 
Phoronidea, 542. 
Phoronis, 461, 547. 
Phosphorescence of Ce- 
phalopoda, 426 ; of 
earthworm, 508 ; of 
Polyzoa, 656. 
Photosynthesis, f, 
Phragmocono, 425. 
Threat othrix, 508» 
Phreodrilus, 509. 
Phreoryctes, 604, 605, 
608. 

Phycomyootes, 48. 
Phylacte11(|k, 666. 
PhylactocarpH, 126. 
Phyloctolaeinata, 567* 
Phyllacti^, 187. 
Phyllaplysia, 407. 
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Phyllaatraea, 196* 
Phyllidia, 371, 412. 
Phyllirhoe, 374, 412. 
Phyllobothrium, 259. 
PhyllobranchuB, 418. 
Ph^lochaetoptorus, 

Phyllocomus, 486. 
Phyllocotyle, 286. 
Phyllocyst, 146. 
Phyllodoce, 467, 479. 
Phyllominyas, 187. 
Phyllonella, 
Phyllophysa, 153- 
Phyllorhiza, 168. 
Phyllospongia, 98. 
PhymcMstis, 187. 
Phymanthus, 187. 
Phymastraea, 196. 
Phymosoma, 536, 539. 
Physa, 416. 

Physalia, 156. 
Physalidae, 154. 
Physaloptera, 235. 
Physaridae, 30. 
Physarum nutans, 30*. 
Physcosoma, 530, 539. 
Physogyra, 195. 
Physonectae, 150. 
Physophora, 150, 153. 
Phytomastigina, 7, 10, 
16. 

Phytomonads, 3, 9, 10, 
14. 

Phytomyxinecw, 29. 
Pilema, 168. 

Pileolaria, 491. 
Pileopsis, 398. 
Pilidium, 269. 
Pilochrota, 94. 

Pinna, 327, 336, 338, 
341, 346. 
Pinnoctopus, 446. 
Piniilus, 92. 
Pionosyllis, 476. 
Piroplasma, 46. 
Piroplasina cams, 40*. 
Piroplasmidao, 40. 
Pirula, 400. 

Piscicola, 513, 526. 
Pisidium, 341, 347. 
Pista, 485. 

Pistillum, 164. 
Placinastrella, 94. 
Placocyathus, 194. 
Plaoophora, 887. 
Placortis, 95. 
Placospongia, 94. 
Placostegus, 491. 
Plactrochus, 194* 


Placuna, 345. 
Placiinella, 284. 
Plagiacantha, 36. 
Plagiochaeta, 511. 
Plagiostomum, 214, 
220 . 

Plagiotoma, 61. 
Plagiotomidae, 61. 
Plakina, 95. 

Planaria, 210, 215, 218, 

221 . 

Planaxis, 899. 
Planocera, 222. 
Planorbis, 321, 373, 
414, 416. 

Planula, 124, 159. 
Plasmodidae, 45. 
Plasmodiophora, 30. 
Plasmodium, 45> 45*. 
Plasmotomy, 29. 
Platyaspis, 237. 
Platycaulos, 183. 
Platycotyle, 236. 
Platydorina, 9. 
Platydrilus, 511. 
Platygorgia, 183. 
Platyhelminthes, 209. 
Platypoda, 897. 
Platytrochus, 194. 
Plaxiphora, 392. 
Plectanocotyle, 286. 
Plectonephric nephri* 
dia, 498, 600. 
Pleione, 4M. 
Pleionogaster, 510. 
Pleistophora, 50. 
Pleodorina, 16. 
Plerogyra, 196. 
Pleroma, 94. 
Plesiastraea, 196. 
Plesiosoris, 196. 

Pleural ganglion, 319, 
331, 362. 

PL iirobrachia, 207. 
Plourobranchaea, 362, 

403.409. 

Pleurobranchioidea, 

408. 

Plourobranohus, 362, 

385.409. 

Pleuroceridae, 899. 
Plouroconcha, 326. 
Plcurocorallium, 182. 
Pleurocotylc, 2%. 
Pleuronema, 61. 
Pleuronemidae, 61. 
Plourophyllidia, 418. 
Pleurotoraaria, 36 1 , 

894. 

Pleurotrocha, 909. 


Plexaura, 188. 
Pliobothnis, 189. 
Pliodon, 847. 

Plocamia, 96. 
Ploeophysa, 153. 
Ploima, 302, 308. 
Plumarella, 182. 
Plumatella, 561, 568. 
Plumohalichondria, 96. 
Plumularia, 133. 
Pneumadenia, 154 
Pneumatocyst, 139. 
Pneuinatophore, 139. 
Pnoumatosac, 139. 
Pneumoderma, 407, 
408. 

Pneumophysa, 155. 
Pneumoth 3 rrae, 143. 
Pocillopora, 195. 
Podocoryne, 130, 131. 
Podophrya, 68 . 
Podophryidae, 68. 
Podospongia, 97. 
Poecillastra, 94. 
Policella, 181. 
Polippogon, 92. 
Pollicita, 476. 
Polyaraoa, 196. 

Poly art hra, 302, 309. 
Polyblepharididae, 14. 
Polybostrichus, 47 1 , 
476. 

Polycanna, 184. 
Polycelis, 210, 221. 
Polycera, 412. 
Polychaeta, 40, 41,458. 
Polychoerus, 219. 
PolycirruB, 46.5, 486. 
Polyclada, 222. 
Polycladus, 222. 
Polyclonia, 167. 
Polycolpa, 136. 
Polycotyle, 888 . 
Polycyathus, 194. 
Polycyttaria, 35. 
Polydora, 472, 488. 
Polyeunoa, 478. 
Polygastric, 146. 
Polygordius, 451, 452. 
Polykrikos, 18. 
Polylophus, 98. 
Polymastia, 97. 
Polymastigina, 15, 17. 
Polymorphism, 121 ; of 
Polychaeta, 467. 
Polymyaria, 276. 
Polynoe, 467, 474,478. 
Polyodontes, 478. 
Polyophthalmus, 458, 
463, 472, 487. 
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Folyopsi«» 188* 878. 
B^orohii, 184. 

100; and Me- 
dyam, 119; Antho* 
xoan* 102. 
Folyp-hend, 125. 
PblyphiafB^ 481. 
Pol3rphyM» 180. 
FoIyf^Uia; 196. 
Polj^dde, 860. 
PoljrphunMia* 188. 
Pol^podium, 123. 
Polyi^abduB, 98. 
Polyi^isa, 167. 
Pel3r8iphonia, 188. 
Poiydiphonic, 125. 
Polysporea, 62. 
Pol 3 mporogenea, 60. 
Polystomella, 88. 
Polystomidium, 188. 
Polystomum, 22 6» 886 ; 
integerrimum, 227, 
228, 238. 

Polythalamia, 25* 27. 
Polytoma* 14. 
PolytorQuius. 811. 
Polytremacis* 177, 
Polytricha, 61. 
Polytrichoxis, 62. 
Polytrocha, 475. 
Polyxenia* 186. 
Polyzoa* 6tt. 
Pomatias* 888. 
Pomatiopeis* 888. 
Pomatoeeros* 473* 
491. 

romatoategus, 491. 
Pompholyx* 810. 

Pond -snail* 415. 
POiitobdella* 513, 518* 
119* 521* 596. 
Pontodrilus* 510. 
Ponilogeiiia* 478. 
Poiiioacolex* 503* 506* 
SQ. 

Porelku 666. 

Porifera* 72. 

Ponna, 566. 

Pmtella* 88. 

Pontes* 187. 

Pdromya* 341* 342* 

848. 

Poiosa* 193. 

Powtpojnkt 48. 

Forpalia*U4. 

Pofpsma* 144. 

Poiplta*144. 

Poipiidaa* 144. 

Pefliitkiae*14S. 

Porteilia*489. 
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Portuguese man-of- 
war, 154* 

Portunus* 41. 

Pnrulesa, 35. 
Potamides* 889* 
Potamilla* 490. 
Potamis* 490. 
PotMuilspis* 96. 
Poteiiodendron* 16. 
Poterion* 67. 
Pouehetia* 18* 

Poulpe, 446. 
Pouitalosiiiilia* 185. 
Pmxllla, 488. 

Praya* 148. 
Preirtomium, 447. 
Preuaaia, Vll. 
Prii^mlokiea. 840. 
PriapuKm, 541. 
Piiinar\' nies«'ntrf*\'. 
184. 

Primary sooocium, 
560. 

Primnoa, 188. 
Primnoella, 182. 
Primnoisis, 182. 
Prionastraoa, 196. 
PrionognathiiB, 480. 
Piionospio, 483. 
Prismatic layer, 320* 
327* 

Pristina* 509. 

Proales, 809. 
PrdHoscidae* 214* 
Proceraea* 476. 
Piocerodes, 2Sl> 
Procharagma* 106. 
Prodiarybdis, 186. 
Prooocoidia* 40. 
Proootyla* 881. 
Prootodaeum of mol- 
lusea* 880. 
ProetonotuB* 418. 
Procyanea, 187. 
Produetkiae* 886* 
ProgloUis* 844. 
Frohelia*U6. 
Pfoleptomonas* 18. 
Promesostomum* 810. 
ProneonKmia* 886. 
Pronephridia of Oligo- 
cliaeta*608. 
Propilidium* 888. 
PropOdiuro, 357* 
Proporus* 819. 
Prorhynchocoelomia* 
871. 

Prorhynehus* 819. 
Prorocentrum* 18. 
Prorodoni, 84* 60* 


Prosadenoporus, 271. 
Proshoseiciactyta, 184. 
Proserpina* 8M. 
Prosobranehiate, 374. 
Prosodus, 78. 
Prosopyle* 75. 
Prosorochmus, 269, 
171. 

Prostalia* 91. 
Presiateof Oligoohao 
ta* 504. 

Prostheceraeiis, 223. 
Prosthiostomimi, 223 
Prostomum, 2 1 4 
Protaetiniao, 180. 
Protanthea* 189. 
Protantheae* 189. 
Proteloia* 94. 
Proteoeoma* 45* 46. 

P. malariae* 46. 

P. praecox* 46* 46*. 

P. vivax, 46. 
Proteiospongia* 17. 
Protiara* 181. 

Protis, ttl. 
Protoalcyonaria, 178. 
Protobranchiata, 845 
Protocaiilon* 181. 
Protodrilus* 451* 452* 
463, 457. 
Protohydra, 127. 
Protomerito, 39, 
Protomonodina* 10* 16, 
16. 

Protom 3 ncidoa* 21* 33. 
Protoneir*nlini, 870. 
Protoph^ ta* 10* 14. 
Protoptilum* 181* 
Prototrichia* 81. 
Protozoa* 1* 2* 3* 4* 5, 
7, 8* 16, 32* 33, 63, 
60. 

Protula* 466* 491. 
Protulidcs* ttl. 
Provortex* 280. 
Prowazekella, 17. 
Prowazekia* 17. 
Proxenetes* 8M. 
Psamsthe* 4177 . 
Psammastra* 94. 
Psamminidae* 96. 
Psammobia, 848. 
Psammocora* 196. 
Psammogoigia, 188* 
PsMuroolyoe, 478. 
Psammopemma* 98. 
Psammoj^ysilla* 96. 
Psammoryctes* 6W. 
PWMsimoseris* 198. 
PseudaUus*tl8. 
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Feetidaxiiio, 286. 
Fftoticiaxoiiia, 182* 

P»eu(loceridae, 21 0. 

Paeudoocros, 217, 228* 
PBeudocoiyle, 284* 
Pseodogorgia, 178. 
Paeudolamellibnuielli- 
ata, 846. 

Pseudofnelaniidoe, 8B8. 
P'^iidoncuroptora, 18. 
]’s<Midopa]Hiim, 856- 
PKeuriopodia, 2. 

Paoitd< ‘fx >diiim in Roti* 
fora, 

Psi'H<Iorl»i\l>diic, 211. 
PrwiidorhynchiiP, 220. 
Paeiidospora volvocia, 
22 *. 

Pseiido^rickonymplia, 

ir 

Psilacabaria, 182. 
Ppvgmo bronchus, 473, 

491. 

Ptcnoglt>5*sa, 896. 
Ptcroc-ephalus, 40. 
Pteroccros, 301, 899. 
PtercK'jcliis, 398. 
Piorodina, UO. 
Pteroeidcs, 181. 
IHaroessa, 309. 
Pteronella, 284. 
IHoioiieiiia, 131. 
Pteropathes, 199. 
Pteropoda Oymnoso* 
iiiata, iff?; Tlicco- 
soroata, 406. 
PtecosylliH, 4TO. 
Pterotrochca, 356, S62, 
385, 401, 408. 
PtiSosarcus, 181. 
PtycholKithrium, 256. 
Ptychogena, 134. 
Pulmonary cavity, 
374. 

Pulmonata, 414. 
Pulselluiii, 852. 
Punctutolla, 8M. 

Pupa, 380, 416. 
Pupilla, 362, 894 
Pupina, 898. 

Purpura, 896. 
Pustularia, 362, 400. 
Pustulopora, 5M. 
Pyonanthus, 187. 
Pyramimonaa, 14 
j^iaonympha, llB* 
Pyraony mpi iida e , IS. 
Pyrula,«0. 

Pytheas, 86. 
Pyxinia,40. 


QJ.MJS, Quarterly 
Journal of Micro- 
scopical Science. 
Quaaiilina, 97. 
Quinquelooulina, 27. 

Radiidean tooth, 870. 
Rachi^ossa, 896. 
Raoodiscula, 94. 
Radiolaiia, 2, 3, 6, 27, 
33, 35. 

Radula, 320, 369. 
Ragactis, 188. 

PaiTiatc, 807. 
Rumglus, 12<>. 

Ramus, 307. 

Ranella, 400. 
Raspatlia, 96. 

Rataria, 144. 

Ratlikea, ISl 
Hatttdus, 809. 

Razor shell, 348. 
Receptaculum seminis, 
216. 

Rceluzia, 896. 

Red coral, 182, 

Rodia, 229. 

Ko^^reOa. 98. 
Reithixxlrilus, ftll. 
R^niera, 06. 

Henilla, lU. 
Ucprixluction, 3. 
lieptaiieonclU, 564 
ReU^pora, 685. 
Reteporella, 565. 
Reticularia, 81. 
Retlfsulariidac, 31. 
Retinacula, 294. 
Rhabdammina^ 27. 
Rhabdamminidae, 27. 
Rhabdite, 211. 
Rhabditis, 275, 800. 
Rhabditis-fortn, 280. 
Rhabdocalyptus, 98. 
Rhabdocoel^ 819. 
Rliabdodiotyum, 98. 
Rkabdogaster, Stt4 
Rhabdome, 83. 
Rhabdonema, 277, 280, 
281, 890. 

Rhabdopeotella, 98. 
Rhabdoatyla, 84 
Rhabdus, 82. 
Rhacella,96. 

Rhagon, 77. 
Rhi^idophhis, 84 
Rhaphicllophrya, 84 
Rlu4*ide, 86. 
Rhegmatodes, U4 
Rh6ophax»87* 


Rhinodrilua, 501, 506, 

5U. 

Rhiiloidioros, 366. 
Rhinops, 800. 
Rhinosporidium, 48. 
Rhipieephnlui) 
Rhipidiglossa, 357; 884. 
Rhipidodendrun, 16. 
Rhizochaliiia, 06. 
Rhizocline, 181. 
Rhizogeton, 188. 
Rbizomastigina, 21, 
Rhizomastix, 16. 
Rhizophysa, 155 
Rhizo{x>d, 46. 
Rhizopearamia, 197. 
Rhizostoma, 108, ]<)9, 
111 . 

Rhizostomae, 167. 
Hhizota, 300, 807. 
Hhuotrochuf’ 194. 
Rhizoxenui, 178. 
Riiodaotis, 186. 
Khodamein, 197. 
Rhodoiuones 11. 
Rkodopo, 414. 
Rhodophyra, 153. 
Rhodopidae, 414. 
Rhodopsatamia, 197. 
Rhombugen, 242. 
Rh^^, 115, 116, 

Rlioj^onema, 185. 
Rhopalopliorus, 240. 
Rhopilema, 168. 
Khopolaotis, 188. 
Rhynchelmh^ 502, 504, 
698. 

Rhyncheta, 68 . 
Rhyiiehpbdemdae,684 
Rhynclioboihrium,259. 
Rhynchoeuelom, 265. 
Rh 3 mchodemus, 884 
lUiynchonella, 574, 
577, 580, 586. 
Rhynchoneerella, 479. 
Rhynchozoou, 5M* 
Ridleia, 97. 

Rimelli^ M. 

Rimula, 896. 

Ringicula, 494 
Ripistes, 699. 
Ri88oa,S96. 
River-limpet, 416. 
River-anall, ^9. 
Reman snail, 416. 
Rosette plaO^ 654. 
Rosetta, 64 
Rossia, 441, 414 
Roslellaria, 894 
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Rostellum, 345. 
Rostrum of ehcll, 
425. 

Rotnlia, S8. 

Hotalia vencta, 28*. 
Rotaliidae» 28. 
liotifer, 304, 808. 
Rotifera, 299. 

Rotifers, 32, 48. 

Round -worm, 284. 
Rugosa, 176. 

Ruiieina, 3C2, 403, 

406. 

S. Am. « 

South AmeriVfl. 
Sabella, 405, 472, 

400. 

Ssboilaria, 492. 
Sabcllastarte, 401. 
Sabcllides, 486. 
Sahelliformia, 490. 
Sabinotrocluis, 194. 
Saccohdolla, 310. 
8iU‘to< itrijH, 453* 457. 

iSaceriglossft, 413 . 

SaccojiorejH, 4 71, 476. 
Saccosoma, 538. 
Saeculus, 309. 
Sagailia, 187. 
Sagartidao, 188* 
Sagitolla, 482. 

Sagitta, 83, 591. 
Sagittated caiamary, 
444. 

Sagittocyst, 211. 
Salacia, 155. 
Salicomaria, 565. 
Salinella, 243. 
Salmacina, 46G, 468, 
491. 

Salmonidae, 48. 
Salpina, 809. 
8alpingoeca, 17. 
Salvatoria, 477. 

Bamus, 94. 

Sarny t hops is, 486. 
IfandaloHtlia. 196. 
Sanguinoiaria, 348. 
SaphencDa. 134. 
Saplienia, 134. 
Sappinia, 29. 
Saprophytes, 3, 
Saprozoa. 3. 

Sarakka, 179. 
Sareenehyme, 79. 
Sarcocystis, 49. 

S. misfehoriana, 49*. 
S. muris, 49. 

Sf tenella, 49* 


Sarcodictyon, 178. 
Sarcodina, 2, 4, 5, 20, 
21, 29. 

Sarcophianthus, 188. 
Sarcophyllum, 181. 
Sarcophyton, 179. 
Sarcosporidia, 49. 
Sarcostylo, 126. 

Sarco theca, 126. 
Sarsia, 131. 

Savaglia, 190. 
Saxicava, 331, 348. 
Scaeurgus, 440, 446. 
Soalaria, 361, 893. 
Scali bregma, 489. 
Scaphander, 405, 406. 
Scaphopoda, 849. 
Scapophyllia, 195. 
Scaridium, 809. 
Scaunis tristis, 30. 
Schiatocophalas, 253 
Schizocyathus, 194. 
Schizocystis, 40. 
»Scliizogamy, 469. 
Sclu’zogony, 3. 
Schizogregarinaria, 40, 
41. 

Schizopathes, 191. 
Schizoporolla, 566. 
Schizotricha, 133. 
Schizotrypanum, 17. 
Schultzia, 220. 
Scioberetia, 347. 
Scirtopoda, 310. 
Scissurella, 361, 304. 
Sciurclla, 133. 
Sclcranthelia, 178. 
Scleraxonia, 182. 
Sclerisis, 182. 
Scloritodcmia, 94. 
Sclcrobelemnoii, 181. 
Sclcroblast, 81. 
Sclcrochoihis, 489. 
Sclorogorgklae, 182. 
Sclcrohclia, 195. 
Scloron^'plilbya, 179. 
Scleropk'gnm, 98. 
Seleroptilum, 181. 
Sclorostomuin, 285, 
280. 

Bclerothamnus, 03. 
Scolcciformin, 487. 
Scolccolepis, 483. 
Scolex, 2^. 253. 
Scollops, 347. 
Scolopendra cinrulata, 
40. 

Scolopes, 97. 

Scoloplos, 482. 
Scopula» 98* 


iSeorpion-shell, 390. 
Serobicularia, 847. 
Scruparia, 564. 
»Soruj)ocoliaria, 565. 
Scurria, 894. 
SciUibranehia, 898. 
Ncutuin, 395. 

Scutus, 395. 

Scyllttoa, 412. 
Scyphidia, 65. 
Scyphistoina, 107. 
Scvpliomedusae, 1 67, 
132. 

Scypho-polyp, 107. 
Scytalium, 181. 
Scytomonas, 3, 8, 14. 
Scytophorus, 189. 
Scu-aiiomono, 1£3 
Sea-hare, 407. 
Sea-mouse, 478. 
Secondary mesentery, 
184 ; symmetry in 
Gastropods, 385. 
Seison, 304, 810. 
Seisonocca, 310. 
Selenorin, 566. 
Selenidium, 40. 
Selenococcidium inter- 
medium, 41. 

Semolo, 347. 
Semosiomuo, 167. 
Scmpcrella, 92. 
Somporina, 182. 
Sense-cells, 100. 
Sense-organs Medusae, 
115. 

Sepia, 41, 43,417,439, 
440, 441, 445. 
Sepiadariidae, 446. 
Sopiola, 445. 
Sepiostaiie, 425. 
Sopiotcuthis, 445. 
Septa, 112 ; of corals, 
192. 

Septaria, 305. 
Septibranehiala, 344. 
Serialaria, 552. 
Soriatopora, 196. 
Serpula, 491. 
Serosporidia, 69. 
Sertularia, 183. 

Setae, 447. 

Setidiiun, 95. 

Setosella, 565. 

Sexual reproduction, 
71. 

Shell of Cephalopoda, 
424; Gastropoda, 358. 
Shell-gland of Gastro- 
poda, 381. 
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Shipworm, 349. 
Sioyonis, 188. 
Sideractis, 188. 
Siderastroca, 196. 
Sideroderma, 06. 
Sigalion» 478. 
Sigaretus, 361» 807. 
Sigma, 84. 
iSigrnatella, 98. 
Siginutophora, 93. 
Sileiiia, 349. 

SiliooflagelHdae, 11. 
Siliquaria, 399. 
SiriiMtral shell, 360. 
iSinupalliatae, 326. 
Sifiuses of Hirudinca, 
617. 

Siphon, 138, 139 ; of 
Echiuroidea, 630 ; of 
Gastropoda, 358 ; 
Lainellibranch, 328 ; 
of Nautilus, 424. 
Siphonactinia, 188. 
Siphonanthae, 144. 
Siphonaria, 362, 375, 
379, 414, 415. 
Siphonieytara, 565. 
Siphonidium, 94. 
Siphonochalina, 96. 
Siphonodentaliiun, 

852. 

Siphonogaster, 511. 
Siphonoglypho, 104 ; 

Alcyonana, 177. 
Siphonogorgia, 170. 
Siphonophora, 187. 
Siphonostoma, 462, 
489. 

Siphonostomata, 360. 
Siphono8tomatous,36 1 . 
Siphonozooid, 177. 
Siphonula, 144, 148. 
Siphosome, 139. 
Sipunculide, 40, 63. 
Sipunculoidea, 634. 
Sipunculus, 636, 589. 
Six -hooked embryo, 

261. 

Skeleton of sponge, 80. 
Skenea, 398. 

Slavina, 509. 

Sleeping sickness, 
289. 

Slit, 361. 

Slug, 416. 

Smaragdia, 896. 
Smaragdinella, 406. 
Smilotrochus, 194. 
Smittia, 566. 

Solarium, 3C1» 896. 


Solon, .328, 331, 333, 
336, 848. 
Solenastraea, 196. 
Solenocaulon, 182. 
Solenoconchae, 849. 
Solenocurtus, 848. 
Solenogastres, 852. 
Solenomya, 331, 337, 
341, 845. 

Solenopharynx, 220. 
Solenophorus, 256. 
Soieiiosinilia, 195. 
Sollasella, 97. 

Solrnut'is, 187. 
Solmissus, 137. 
SoJmoiieta, 187. 
Soimundella, 137. 
Soltnundus, 187. 
Somatocyst, 146. 
Somite, 463. 

Sorocelis, 221. 
Sorosphiiera, 80. 
Sosunc, 486. 

Spadella, 591. 

Spadix of Nautilus, 
421. 

Sparganophilus, 511* 
Spathidium, 45. 

Sperm injection, 217, 
227, 249 ; sac of Oli- 
gochaeta, 603 ; re- 
servoir of Oligochae- 
ta, 503. 

Spermatheca of Oligo- 
chaeta, 605. 
Spermatophore of Ce- 
. phalopoda, 440. 
Spormatophores of Hi- 
rudinea, 523 ; of 
Nautilus, 421 ; of 
Oligochaeta, 606, 
607. 

Spermatozoon, 70. 
Spermiducal gland, 
604. 

Spheierellaria, 35. 
Sphaeroactinomyxon, 
53. 

Sphaerocapsa, 86. 
Sphaerodonim, 476. 
Sphaeromyxa, 52. 
Sphoeronectes, 149. 
Sphoerophrya, 68. 
Sphaerospora, 52. 
Sphaerosyllis, 478. 
Sphaerozoum, 86. 
Sphaerularia, 282, 291. 
Sphenoides, 149. 
Sphenophyllia, 195. 
Sphenopus, lU* 


Sphenotrochus, 149. 
Spherastrum, 
Sphinctrella, 94. 
Sphyranura, 286. 
Sphyrocephalus, 222. 
Sphyrophysa, 168. 
Spicata, 181. 

Spicula ncmatoda, 278. 
Spicules of sponges, 81 - 
84. 

Spiculum amoris, 379. 
Spilopliora, 291. 
Spindle inusclo, 319. 
Spininora, 129. 
Spintharophora, 97. 
Spinthor, 480. 

Spio, 476, 483. 
iSpiochaetopteras, 484. 
Spioniformia, 483. 
Spiral metainorism, 
494 ; zooid, 126. 
Spirostrella, 97. 

Spire, 84. 

Spinalis, 360. 
Spirillinidao, 27. 

Spiro branchus, 491. 
Spirochona, 65. 
Spirochonidae, 65. 
Spirograph is, 490. 
Spiroptera, 279, 289. 
Spirorbis, 406, 467, 
491. 

Spirospermo, 508. 
Spirostomum, 61. 
Spirotrichonympha, 

19. 

Spiroxys, 289. 

Spirula, 125, 440, 445. 
Spirulirostra, 425. 
Spondylomorum, 14. 
Spondvlus, 333, 334, 
344,*847. 

Sponge spicules, 81-84. 
Spongelia, 08. 
Spongelidae, 98. 
Spongidoe, 97. 
Spongilla, 96. 
Spongillidao, 72. 
Spongin, 73. 
Spongiobranchaea,408. 
Spongioderma, 182. 
Spongodes, 179. 
Spongomonas, 16. 
Spongophare, 77. 
Sporadopora, 129. 
Sporoblast, 39. 
Sporocyst, 229. 
Sporogony, 120. 
Sporomyxa, 80. 
SpoTosoo, 120. 
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Sporozoa» 2* 4» 38» 
46. 

Sporosoa neosporidia, 

21 . 

Squid, 425. 

Staohyodes, 18S. 
Staohyptilum, 181. 
Staircase shell, 396. 
Stannomidae, 88. 
Statoblast, 555. 
Stauractis, 188. 
Staur^laura, 186. 
Stauridae, 176. 
Stauridium, ISO, 181. 
StaurobracHum, 184. 
Staurocephalus, 480. 
Staurodiscus, 184. 
Stauromedusae, 168. 
Staurophora, 184. 
Staurosphaera, 86. 
Staurostoma, 184. 
Staurotheca, 188. 
Steenstrupia, 109, 181. 
Stoganophthalmata, 
117. 

Steganoporella, 566. 
Stelospongia, 88. 
Stelletta, 94. 
Stemonitidae, 30, 31. 
Stemonitis, 81. 
Stenella, 182. 
Stenogorgia, 188. 
Stenohelia, 129. 
Stenophora, 40. 
Stenophoridae, 40. 
Stenoptycha, 167. 
Stenostomum, 214, 
219. 

Stentor, 3, 66, 61. 
Stentor coeruleus, 54*. 
Stontoridae, 61, 62. 
Stentor roeselli, 62*. 
Stephalia, 154. 
Stephanactis, 187. 
Stephanaria, 196. 
Stephania, 477. 
Stephanoceros, 300, 
301, 807. 

Stephanomia, 153. 
Stephanonympha, 18. 
Stephanophyes, 149. 
Stephanophyllia, 196. 
Stephanops, 309. 
Stephanoseris, 196. 
Stephanosphaera, 16. 
Stephanospira, 153. 
Stephanotrochus, 194. 
Stephonalia, 164. 
Stercutiis, 609. 
Stereosoma. 177. 178. 


Stemospis, 450, 462, 
465 , m. 

Sthenelais, 478. 
Sthenonia, 1^. 
Stichodactylinae, 186. 
Stichotricha, 68. 
Stichopathes, 190. 
Stilifer, 361, 386, 402. 
Stiliger, 418. 
Sting-winkle, 396. 
Stoeba, 94. 

Stolonifera, 178, 667. 
Stoloteuthis, 446. 
Stomach of Cteno- 
phore, 197. 
Stomatella, 362, 895. 
Stomatia, 896. 
Stomatogastric com- 
missure, 319, 362. 
Stomatopora, 666. 
Strombidium, 62. 
Stomidia, 186. 
Stomobrachium, 184. 
Stomodaeum of Mol* 
lusca, 320. 
Stomolophus, 168. 
Stomotoca, 181. 
Stomphia, 187. 
Stroptaster, 85. 
Streptocaulus, 188. 
Streptoneura, 364, 892. 
Strobalia, 168. 
Strobila, 157, 243. 
Strobilisation, 160. 
Strombidium, 62, 
Strombus, 378,386,899. 
Strongyle, 82. 
Strongylidae, 278, 
Strongylus, ^4. 
Strophogorgia, 182. 
Structureless lamella, 
99. 

Struthiolaria, 400. 
Stryphnus, 94. 
Stuhlmannia, 611. 
Stylactis, 130. 

Stylaria, 5p9. 
Stylarioides, 489. 
Stylaster, IM. 
Stylatula, 181. 

Stylifer, 357, 402. 
Styliola, 406. 
Stylobelemnon, 181. 
Stylochoplana, 211, 
222 . 

Stylochus, 222. 
Stylocometes, 68. 
Stylocordyla, 97. 
Stylocysthus, 194. 
Stvloclrilus. 508. 


Stylommatophora, 416. 
Stylonichia, 68. 
Stylonichia mytilus, 
63*,64* 

Stylophora, 196. 
Stylorhiza, 168. 
Stylorliynchidoo, 40. 
Stylorhynchus, 40. 
Stylostichon, M. 
Stylostomum, 228. 
Stylus, 84. 

Subcerebral commis- 
sure, 409. 

Suberia, 182. 

Suberites, 

Suberitidao, 97. 
Suberogorgia, 182. 
Subgenital pits, 118. 
Subintestinal ganglion, 
364. 

Submytilacea, 847. 
Subradular organ, 371, 
389. 

Subsagittal, 199. 
Substomachal, 199. 
Subtentacular, 199. 
Subtransversal, 199. 
Subumbrells, 108. 
Subventral, 199. 
Succinea, 416. 

Suckers of Cophalopod, 
421. 

Suctoria, 66, 68. 
Sulcastrella, 94. 
Sulculus, 1^. 

Sulcus, 184. 

Summer egg, 217, 304. 
Supercytis, 666. 
Supporting lamella, 99. 
Supraintestiiial gang- 
lion, 364. 

Sutroa, 508. 

Suture, 361. 

Swiftia, 183. 

Sycantha, 90. 

Sycetta, 90. 

Sycon, 75, 90. 
Sj'^culmis, 90. 

Sycyssa, 90. 

Syllides, 476. 

Syllis, 467, 471, 476. 
Symbiosis, 20, 211,218. 
Sympagella, 92. 
Symphyllia, 196. 
Symplocostoma, 891. 
Sympodium, 178. 
Sympyla, 96i 
Synapticula, 92, 193. 
Synaptyohus, 444. 

SvnArAAR. 1Q7. 
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Synohaeta, 809. 
Sywcoryne, 180. 
Syndictyon, 181. 
Syngomus, 885. 
Syngamy» 3. 

Bynops, 94. 

Synthecium, 188* 
Bynum, 11. 

Bynum uvella, !!♦. 
Byracosphaem, 11. 
Syringopom, 178. 

Sy*ygy» 39. 

Tabulae, 193. 

Tabula ta, 191. 
Taegeria, 98. 

Taenia, 860 ; cucume- 
rina, 247 ; saginata, 
244 ; solium, 244. 
Taeniocystis, 40. 
Taenioglossa, 897. 
Taenioles, 108. 
Tamoya, 166. 

Taonius, 445. 

Tapes, 848. 

Tapeworm, 243. 
Taphrocampa, 809. 
Taster, 139, 
Taxipathes, 191. 
Tealia, 187. 

Tealidiiun, 187. 
Tectibranchiata, 403. 
Tedania, 96. 

Teeth of radula, 370. 
Tolamono, 477. 
Telepsavus, tt4. 
Telesto, 178. 
Telethusidae, 488. 
Teleudrilus, 511. 
Tellina, 333, 340, 345, 
847. 

Tellinacea, 847. 
Telmatodrilus, 508. 
Tolosporidia, 38. 
Tolotrocha, 476. 
Temnocophala, 834. 
Tomp. = temperate. 
Tenebrio, 40. 

Tentacle sheath, 660. 
Tentacular cirri, 469. 
Tentoculata, 807. 
Tentaculocyst, 116. 
Tentilla, 140. 
Tentorium, 97. 
Teratonympha, 19. 
Terebella, 462, 463, 
485. 

Terobellides, 486. 
Torebelliformia, 484. 
Terebellum, 8M. 


Terebm, 371, 897. 
Terebratella, 585* 
Terebratula, 677, 584, 
585. 

Terebmtulina, 585. 
Terebripora, 666. 
Teredo, 327, 329, 330, 
331, 336, 342, 343, 

849. 

Termites, 17, 18, 19. 
Tessaradoma, 566. 
Tessem, 111, 164. 
Tesserantha, 164. 
Tesseronae, 168. 
Testacella, 386, 416. 
Testicardines, 585. 
Tethya, 97. 
Tethyopsiila, 94* 
Tethyopsis, 94. 

Tethys, 418. 
Tethyspim, 97 
Tot ilia, 94. 
Tetmbmnchiata, 443. 
Tetraclstdidae, 94. 
Tetracoralla, 175. 
Tctract, 91. 
Tetractinellida, 93* 
Tetractinom 3 rxon, 62, 
63. 

Tetractinomyxon in- 
termedium, 53*. 
Tetraglena, 470. 
Tetmgonus, 518. 
Tetreuneraiia, 168. 
Tetrameres, 889. 
Tctramitidae, 18. 
Tetramitus, 18, 83. 
Tetmnema, 134. 
Tetmonchus, 836. 
Tetrarhynchus, 246, 
859. 

Tetrastemma, 269, 270, 
871. 

Tetrodictyidae, 98. 
Textularia, 88. 
Textulariidae, 28. 

I Thala,897. 

I Thalassema, 530, 538* 
Thalassianthus, 188. 
Tlialassicolla, M. 
Thalassicolla pelagica, 
34*. 

Thalassophysa, 86. 
TheJae^thamnus, 86 
Tlialenessa, 478. 
Thamnitis, 181. 
Thamnostoma, 181. 
Thamnost^lus, 181. 
Thaumactls, 187. 
Thaumantariai 188* 
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Thaumantias, 188, 134. 
Tlieca, 193. 
Hiecamoebina, 2, 24. 
Thecidium, 678, 581, 

585 

Thecooladium, 188. 
Thecopsammia, 196. 
Theileria, 46. 

Thelactis, 187, 
Thelepus, 485. 
Thelohania, 48, 50. 
Thelohania muscae 
domesticae, 50. 
Thenea, 94. 

Theodisca, 488. 
Theodoxia, 8M. 
TheoneUa, 94. 

Theaea, 188. 

Third vas deferens, 226. 
Thoosa, 97. 
Thoracaspis, 86. 
Thorecta, 98. 
Thorectandra, 98. 
Thouarella, 188. 
Thracia, 849. 

Thread -cell, 101. 
Thread-worms, 274. 
Thrinacophom, 96. 
Thrombus, 95. 
Thuiaria, 188. 

Thyca, 367, 371, 898. 
Thyroscyphus, 188. 
Thysanostoma, 168. 
Thysanozoon, 217, 888* 
Thysanus, 194. 

Tiam, 181. 

Tiaropsis, 109, 184. 
Tichoseris, 196. 
Tiedmannia, 406. 
Tima, 184. 
Tintinnidae, 62. 
Tintinnidium, 68. 
Tintinnidium inqiuli- 
num, 62^. 

Tintinnus, 68* 
Titanideum, 188. 
Titiscania, 895. 
Tokophrya, 67, 68. 
Tomopteris, 466, 472, 
479. 

Top shell, 395. 
Toreuma, 167. 
Tomatina, 406. 
Tomote, 82. 

Toxa, 84. 

Toxoohalina, 96. 
Toxoolytus, 168. 
Toxoglossa, 897. 
Toxoplasma, 46. 
Toxorohis, 111, 



620 


INDEX 


Traoheli^dae, 60. 
Trachelius, W. 
Traeheloeerca» S6, 60. 
Trachelbmonas, 14. 
Tracheoph3r8ae, 141. 
Trachomedusae, 185. 
Trachycaulus, 92 . 
Trachynema, 135. 
Trachyphyllia, 185. 
Trachypora, 196. 
Trctchytedania, 96. 
Travisia, 487. 
Travisiopsis, 482. 
Trematoda, 888. 
Trematotrochus, 194. 
Tremaulidium, M. 
Tremoctopus, 420, 421, 
441, 446. 
Trepomonas, 20. 
Tretolophus, 95. 
Triact, 91. 
Triactinomjncon, 58. 
Triaene, 83. 
Triaenophonis, 858. 
Triarthra, 302, 809. 
Triatoma, 17. 

Triaulic, 379. 

Triaxon, 84. 

Triaxonia, 90. 
Tribrachium, 94. 
Trichia, 81. 

Trichiidae, 31. 
Trichina, ^6, 278. 
Trichinosis, 288. 
Trichobranchidae, 486. 
Trichocephalus, 235, 
279. 

Trichochaeta, 511. 
Trichodal, 86. 
Trichoderma, 892. 
Trichodina, 65. 
Trichodina pediculus, 
66 *. 

Trichodininae, 65. 
Trichodrilus, 508. 
Trichomastix, 18. 
Trichomonas, 7, 8, 17. 
Trichomonas angusta, 
18 *. 

Trichonympha, 19. 
Trichonympha cam> 
panula, 19*. 
Trichonymphidae, 19, 
53. 

Trichophrya, 68. 
Trichoplax, 243. 
Trichoptilum, 181. 
Trichosomum, 886. 
Trichosphaerium, 4, 
85 . 


Trichosphaerium sio* 
boldii, 26*. 
Trichostemma, 97. 
Trichotropis, 398. 
Triclada, 221. 
Tridacna, 331, 848. 
Tridacophyllia, 195. 
Triforis, 899. 

Trigaster, 511. 

Trigger, 101. 

Trigonia, 345. 
Trigoniidae, 328, 341. 
Trigonoporus, 228. 
Trilobus, 291. 
Trimastigamoeba, 23. 
Trinephrus, 500, 510. 
Tried, 84. 

Triopa, 418. 
Triptolemus, 94. 
Tripylea, 37. 
Tristomum, 284. 
Triticella, 567. 

Triton, 400. 

Tritonia, 411. 
Tritonioidea, 411. 
Trochal disc, 299. 
Trochetia, 516, 519, 
586. 

Trochocyathus, 194. 
Trochopus, 284. 
Trochoseris, 196. 
Trochosphaera, 808. 
Trochosphere of Gas- 
tropoda, 381 ; of 
Rotifera, 307. 
Trochotoma, 894. 
Trochus, 367, 376, 895. 
Trophi, 303. 

Trophon, 396. 
Trophonia, 489. 
Trophosome, 126. 
Trophozoite, 38, 39. 
Tropical diseases, 17. 
Tropidocera, 289. 
Truncatella, 398. 
Trymohelia, 196. 

Tryon vulgaris, 51. 
Trypanoplasma, 17. 
Trypanosoma, 8f 15, 17. 
T. brucii, 17. 

T. gambiensi, 17. 

T. lewisi, 17. 

T. rhodesiense, 17. 
Trypanosomes, 3, 4, 
8 . 

Trypanosomidae, 16, 
17, 43. 

Trypanosyllis, 476. 
Tube Rotifera, 303. 
Tubella, 96. 


Tubercula pubertatls, 
506. 

Tubiclava, 129. 
Tubicolaria, 301. 
Tubifex, 60, 505, 508. 
Tubificidao, 53. 
Tubipora, 178. 
Tubuccllaria, 565. 
Tubularia, 180. 
Tubulina, 31. 
TubuHnidiic, 31. 
Tubulipora, 666. 

Tun, 400. 

Turbanella, 811. 
Turbellaria, 210. 
Turbinaria, 197. 
Turbinellidae, 897. 
Turbinolia, 194. 

Turbo, 376, 805. 
Turkey sponge, 87, 
98. 

Turricula, 897. 

Turris, 181. 

Turritella, 399. 

Turrit igera, 565. 
Turritopsis, 181. 
Tykonus, 611. 
Tylenchus, 282, 890. 
Tylodina, 409. 
Tylopathes, 100. 
Tylosoma, 537, 589. 
Tylote, 83. 

Typhaeus, 502, 506, 

510. 

Typhloscolex, 472, 488. 
Typhlosole, 497. 
Tyrrhene, 477. 

Udonella, 234. 

Ulangia, 195. 

Ulmaris, 167. 
Ulophyllia, 195. 
Ultradextral shell, 361. 
Umbcllula. 181. 
Umbilicated shell, 361. 
Umbones, 325. 
Umbonula, 566. 
Umbrella, 409. 
Umbrosa, 167. 
Uncinais, 509. 
Uncinate, 92, 307. 
Uncinated calamary, 
445. 

Uncinataria, 03. 
Uncini, 460 ; of radula, 
370. 

Uncus, 307. 

Undosa, 167. 
Unguiculate opercu- 
lum, 361. 
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Ungulina, 847. 

Unio, 327, 332, 342, 

847. 

Unionidao, 328. 
Unyoria, 611. 
Urceolarinae, 05. 
Urceolus, 14, 303. 
Uraatela, 672. 

Urnula, M. 

Urnulidae, 68. 
Urobenus, 611. 
Urocentridae, 61. 
Urocontrum, 61. 
Urocyclus, tt6. 
Urolabes, 291. 
Uronychia, 64. 
Urophagus, 20. 
Urosalpinx, 896. 
Urospora, 40. 

Urostyla, 68. 
Uruguaya, 96. 

Ute, 90. 

Utella, 90. 

Utoriporus, 221. 


Vacuole, 2, 3. 
Vaginicola, 66. 
Vaginulus, 378, 385, 
414, 416. 
Vahlkampfia, 23. 
Valencinia, jW2. 
Valkoria, 667. 

Vallisia, 286. 

Valvata, 361, 377, 378, 
380, 395, 899. 

Valves of shell, 324. 
Vampyrella, 22. 
Vampyrellidae, 22. 
Vanadis, 479. 

Varices, 361 ; of shell, 
361. 

Vascular lamella, 112. 
Vas deferens, 217, 

Vela of Argonaut,' 420. 
Velarium, 157. , 

Velella, 144. 

Veliger larva, 323 ; of 
Gastropoda, 382. 
Velum, 109, 299, 342. 
Volutina, 898. 
Venoracea, 848. 


Venerupis, 848. 

Ventral in Aciinaria 
Alcyonaria, 177, 184; 
in Cestoda, 247 ; 
cirri, 49 ; Nematoda, 
276 ; Pennatulacea, 
189. 

Venus, 333, 848. 
Venus’ girdle (Cestus), 
208. 

Verania, 446. 
Veretilliun, 181. 
Vermetus, 357, 361, 
362, 367, 380, 386, 

399. 

Vermiculus, 609, 
Vermilia, 491. 

Veronica, 30. 

Versura, 168. 

Vertigo, 416. 

Vesicula seminalis, 217. 
Vesicularia, 667. 

Vetro vermis, 609. 
Vetulina, 96. 

Vexillum, 208. 

Vi brae. == vibracula. 
Vibracula, 553. 
Victorella, 656, 667. 
Villogorgia, 18i2. 
Vincularia, 666. 
Virgularia, 181. 
Visceral commissure, 
319, 362 ; sac, 319. 
Vitellarium, 209. 
Vitello-intestinal, 226. 
Vitrina, 380, 416. 
Voeringia, 179. 

Vogtia, 160. 

Voluta, 897. 
Volvocidae, 14. 

Volvox, 4, 9*, 15, 22. 
Volvula, 496. 
Vomerula, 96. 

Vortex, 211, 220. 
Vorticella, 54, 64*, 

66 . 

Vorticellidae, 56, 65, 

68 . 

Voriiceros, 220. 
Vorticlava, 180. 
Vosmaoropsis, 90. 
Vulsella, 345, 846. 


Wageneria, 266. 
Wa^rella,82,8S. 
Walmeimia, 576, 577, 

686 . 

Wall, coral, 192. 
Walteria, 92. 

Wobcrella, 97. 

Wont le-t rap, 396. 
Wheel animalcule, 299. 
Whelk, 396. 

Willetta, 184. 

Wiltia, 184. 

Wing shell, 399. 
Winter egg, 217, 304, 
Worm shell, 399. 
Wrightella, 182. 
Wrightia, 180. 

Xenia, 178. 

Xenophora, 898. 
Xenospongia, 97. 

Yoesia, 96. 

Yoldia, 328, 846. 
Yungia, 213, 2^. 
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Zanclea, 181. 
Zoantharia, 188. 
Zoantheae, 189. 
Zoanthus, 189. 
Zoarium, 556. 

Zonites, 386, 416. 
Zonephyra, 167. 
Zoobotryon, 552, 667. 
Zooecium, 549 ; prim- 
ary, 560. 

Zoomastigina, 15. 
Zoopilus, 196. 
Zoosporidae, 22. 
Zootheunnium, 66 . 
Zooxantheliac, 34' 
Zospeum, 416. 
Zygobranchiate, 884. 
Zygocanna, 184. 
Zygocannota, 184. 
Zygocannula, 184. 
Zygodaotyla, 184. 
Zygoneury, 365, 393. 










